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ADVERTISEMENTS i 


S.S. Wilfred Sykes entering Indiana Harbor with record-breaking cargo. 


Sets Another Record 


On May 23rd the giant ore carrier 
S.S. Wilfred Sykes passed through 
the Soo locks with the largest single 
cargo in Great Lakes history. 
Surpassing its 1950 record by 
more than a thousand tons this 
“Leviathan of the Lakes,” pride of 
the Inland Steel Company fleet, re- 
ported its record-breaking cargo at 
20,084 gross tons of iron ore, so vital 
to our present-day requirements. 
The Wilfred Sykes, which also 


holds the record for time per trip 
as well as for tonnage of ore trans- 
ported, is now in its second year 
of service. The ship is. powered 
by two C-E Boilers, specially devel- 
oped to meet the requirements of 
this notable vessel. These boilers 
produce 32,000 pounds of steam 
per hour each, at normal rating, 
with an overload capacity of 48,000 
pounds per hour. Steam is supplied 
at 450 psi and 750 F. B—498A 


COMBUSTION ENGINEERING — 
SUPERHEATER, INC. 


200 Madison Avenue e New York 16, N. Y. 


All Types of Steam Generating, Fuel Burning and Related Equipment for Marine and Stationary Applications 
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1500-Pound 
Pressure-Seal Bonnet 

Globe Valve 
Socket-Welding Ends 


EVERYTHING IN 
PIPING EQUIPMENT FOR 
SERVICE ON SHIP OR SHORE 


CRANE CO., General Offices: 
836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


CRANE 


VALVES + FITTINGS + PIPE +» PLUMBING AND HEATING 
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ADVERTISEMENTS ili 


CUTLESS BEARINGS 


for 
Stern Tubes and Struts 


Soft rnbber bearing surface—efficiently lubricated by water—this bear- 
ing far outlasts all hard surface types, protects propeller shafts, reduces 
vibration. More than pays for itself in extra wear alone. Saves you 
time, trouble, and upkeep expense. Write for 60-page booklet. 


LUCIAN Q. MOFFITT, INC. 
AKRON, OHIO 


Seaporcel 


REG. TR. MARK 


is a ceramic coating (fused into its metal base 
at 1550° F.) 


SEAPORCEL increases life of mufflers, tail 
pieces, incinerator uptakes and other parts of 
ships where corrosion, erosion and thermal 
shock are factors. 


SEAPORCEL METALS, INC. 
28-20 Borden Avenue 
Long Island City New York 


NO 
ae 
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= ELLIOTT 
serves the fleet and Naval bases with such equip- 


ont Motors * Generators 


Deaerating Feedwater Heaters — 
} Turbine-Generators « Mechanical Drive Turbines 
Condensers Strainers Tube Cleaners 
Information and bulletins on request Q-1075a 


ELLIOTT COM PANY 


Districs Offices in Principal Cities. 


~ Bendix’ DEPTH RECORDER 


The Bendix Supersonic Depth them. Weighs only 90 pounds. 
Recorder draws an instantane- Easily installed in any conven- 
ous, permanent chart of all ient location. Accurate to 200 
undercraft conditions in their feet or 200 fathoms. Write for 
actural profile as you pass over complete details. 


Pacific Division 


Bendix Aviation Corporation CONTRACTORS TO THE U. S. NAVY 


THE BERWIND-WHITE COAL MINING CO, 
1 BROADWAY, NEW YORK 4, N. Y. 
PROPRIETORS, MINERS AND SHIPPERS OF 


BERWIND’S EUREKA 
BERWIND’S STANDARD NEW RIVER and 
BERWIND’S STANDARD POCAHONTAS 


SMOKELESS STEAM COALS 
ALSO 


BERWIND’'S STANDARD ELKHORN 
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ADVERTISEMENTS Vv 


Two non-magnetic 


Seagoin’ alloys 


...Wwith corrosion resistance 


plus high strength 


Bearing Rings — Here corrosion-re- 
sistant, non-magnetic “K” Monel 
was used for ball bearings with a 
Rockwell C hardness of from 42 
to 45. 


For special marine applications 
where high physical properties, cor- 
rosion resistance, and non-magnetic 
qualities are essential, it will pay 
you to investigate “326”® Monel 
and “K”® Monel. 


“326” Monel is substantially non- 
magnetic at and above room tem- 
peratures. The approximate perme- 
ability at 68°F. is 1.025 and at 14°F. 
is 1.1. Neither hot nor cold work- 
ing appreciably affects its magnetic 
properties. 


Typical uses for “326” Monel in- 
clude fuel and water tanks, and 
Anchorfast nails in. deck planking, 
for minimum magnetic effect; also 
solenoids, compass bevels and shield- 
ing tape for high-voltage cables. 


Cable Shielding—Here “326” Monel 
was used because it is highly resis- 
tant to corrosion and fatigue failure. 


“K" Monel possesses a combina- 
tion of useful characteristics. Be- 
sides corrosion and heat resistance, 
it has the strength of alloy steel and 
extra toughness and hardness after 
heat treatment. It is non-magnetic 
down to 150°F. below zero. 


Typical uses for “K” Monel are: 
Instrument parts, ball bearings, gyro 
parts. Good spring properties make 
it especially valuable. 

For data and help in determining 
the correct Seagoin’ Monel for criti- 
cal non-magnetic applications, write 
to our Marine Division. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5,N.Y. 


MONEL® “326"® MONEL "R”® MONEL 


"K"® MONEL + “KR® MONEL "S"© MONEL 
NICKEL LOW CARBON NICKEL DURANICKEL 
Nickel Alloys INCONEL® INCONEL "X”®. 
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Griscom-Russell 


Distilling Plants 
Feed Water Heaters 
Oil Coolers — Jacket Water Coolers 
G-Fin Fuel Oil Heaters 


Bulletins on Request 


‘THE GRISCOM-RUSSELL CO 


285 MADISOMW AVENUE, NEW YORK 


GIBBS & COX, INC. 
NAVAL ARCHITECTS AND MARINE ENGINEERS 


ONE BROADWAY - 21 WEST STREET 


NEW YORK, NEW YORK 
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ADVERTISEMENTS Vii 


Manufacturers of precision instruments and controls which 
reflect exacting research and engineering. 


INGENUITY IN INSTRUMENTATION 


GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION « GREAT NECK, NEW YORK 
CLEVELAND + NEW ORLEANS + NEWYORK ¢ LOS ANGELES ¢ SAN FRANCISCO « SEATTLE 


| ARMZ 
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1888-1950 


BATTERIES DEPENDABLE... 


on land, at sea, and in the air. 
THE ELECTRIC STORAGE BATTERY CO., Philadelphia 


Shipbuilders 
and 
Engineers 


* 
BATH IRON WORKS 
BATH, MAINE 


SHIPS OF ADVANCED DESIGN AND FINISHED 
CONSTRUCTION BUILT IN THE BIRTHPLACE 
OF AMERICAN SHIPBUILDING 


JOHNS -MANVILLE 


Materials for 


JM, MARINE SERVICE 


Incombustible Joiner Materials * Acoustical Materials 
tos — for Switch and Panel Boards + Structural Ins 
Engine Room Insulations + Packings + Ga 


Johns-Manville 
Box 290, New York 16, N. 


COLLINS RADIO COMPANY | 


CEDAR RAPIDS, IOWA | 


11 West 42nd Street 2700 West Olive Avenue 
New York 18, N. Y. Burbank, California 


Designers and manufacturers of radio communication 


and navigation equipment for the Armed Services. 
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ADVERTISEMENTS ix 


65 YEARS OF MARITIME SERVICE 


REPAIRS to sailing vessels were common occurrences in the early years 
of operation of the Newport News Shipbuilding and Dry Dock Company 
soon after its founding by C. P. Huntington in 1886. The four and five- 
mast vessels docked stern to stern in the above view indicate the early 
beginning of the company's policy of thorough planning to expedite 
ship repairs. 

At the turn of the century facilities at Newport News included an 
800-foot dry dock to accommodate the world's largest ships of that time. 
Development and expansion of facilities in the plant have kept pace 
with world maritime progress. Today Newport News has unexcelled 
equipment within the 225-acre plant for the complete on-the-spot execu- 
tion of all types of shipbuilding, ship repair, and conversion work. 


NEWPORT NEWS 


SHIPBUILDING & DRY DOCK COMPANY 


NEWPORT NEWS, VIRGINIA 
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x ADVERTISEMENTS 


YEAR 

| DE LAVAL|turbines, 
centrifugal and rotary 
pumps have been an 
important part of 


America’s ships. 


MARINE DIVISION 
DE LAVAL STEAM TURBINE CO., TRENTON 2, N. J. 


DE LA V AL TURBINES + HELICAL GEARS + CENTRIFUGAL BLOWERS AND COMPRESSORS 


CENTRIFUGAL PUMPS + WORM GEAR SPEED REDUCERS + (MO OIL PUMPS 
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ADVERTISEMENTS xi 


ail 
tradition at NEW YORK SHIP 
Since the first keel for a naval 
vessel was laid at New York Ship, 
shortly after the turn of the 
century, an uninterrupted program 
of naval construction has been i : 
on the yard schedule. 
In peace or war, New York Ship |, 
continues to build for the Navy | 
... a tribute to the men who carry | 


on the traditions of the founders. _ 


NEW YORK SHIPBUILDING CORPORATION 
N.J. 
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xii ADVERTISEMENTS 


H 
Farre] Ulsion Sears Precision, Bene,. 
Their of toorh Ontoy and toorh 
Unde, al] of SerVicg 
The Of ‘these Stary been 
Proved 82 in Over 1200 Ships Ff more than 
“Scorts Patro) Craft, faders sub. | 
landing Crafe, tugs and the, Vessels 
Marin, Division. i 


ADVERTISEMENTS xiii 


es paint stick to 
galvanized iron 

and other zinc or 
eadmium surfaces 


To eliminate the peeling of paint from zinc 
and zinc-coated structures or products. 


f ‘SOLUTION: 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

Treat all zine surfaces with "LITHOFORM" | 
before painting. “LITHOFORM" is a liquid 

zine phosphate coating chemical that can be | 

applied by brushing or spraying at the Yard, | 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

] 


or by dipping or spraying in industrial 
equipment. “LITHOFORM" forms a durable bond 
for paint. It is economical; it eliminates 
frequent repainting; it protects both the 
paint finish and the metal underneath. 


“ACTION: 


Send for our new descriptive folder on 
"LITHOFORM® and for information on your own 
particular metal protection problem. 


“LITHOFORM” meets Government Specifications. Specify 
“LITHOFORM” for all painting and refinishing work on 
zine and zinc-coated surfaces. 


"AMERICAN CHEMICAL PAINT COMPANY 


Manufacturers of Metallurgical, Agricultural and Pharmaceutical Chemicals 
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xiv ADVERTISEMENTS 


Scale model of U. S. Lines’ super liner, 

designed by Gibbs & Cox, now under 
construction at Newport News 
Shipbuilding and Dry Dock Co. 


Steam For America’s New Super liner 3 
—from boilers designed by BaW 


America’s largest and most powerful passenger vessel, the U. S. Lines’ new 
super liner, needed boilers as special as its design is unique. Extreme 
reliability. light weight, minimum space, and great power were the 

exacting requirements faced... and met... by B&W ... with boilers that 
will help provide the high speeds so necessary to profitable commercial 
operation while contributing importantly to the vessel’s military value. 


Designing and building boilers for ships that mark progress in profit, safety, 
and national defense, is a 70-year-old story with B&W-— one that is 

renewed in spirit and broadened in scope with every new job undertaken, 
whether for re-boilering old ships or powering new ones, in river, 

lake, or ocean service. 


THE BABCOCK & WILCOX CO. 


Generat Offices: 85 Liberty St, New York 6, N. Y. 


M-25t 
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ADVERTISEMENTS XV 


FROM DESTROYER TO BATTLESHIP 
NOW USE OR HAVE ON ORDE 


WASHINGTON’S 
OLDEST 
COMMERCIAL 
PHOTO-ENGRAVING 
HOUSE 


Each Lanman Engraving is 
engineered from a blueprint 

of rigid quality standards and 
precision workmanship . . . for 
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SECRETARY’S NOTES 
DD 828 

When the U.S.S. Timmerman, DD 828 (see page 528) was 
launched at the Bath Iron Works Corporation at noon on May 
19, 1951 a dream of naval engineers seemed closer of realization. 
Here is a ship of destroyer size, a high power combatant vessel 
in which the design engineers were given a very free hand. Better 
individual performance of each machinery unit, main and auxiliary, 
with radical reduction in weight was the double goal. 

With that kind of freedom it can be expected that naval 
engineering will advance more on a broad front than has been 
possible in the past where reliable performance of the ship as a 
whole forced conservatism and almost complete service evaluation 
and acceptance of a piece of machinery was practically mandatory 
before it could be incorporated into the design at a new plant. 

Whether the Timmerman becomes an active combatant unit 
of the fleet or a floating laboratory she should be the bridge over 
which naval machinery and its application advance with a Gar- 
gantuan stride. 

KINGSBURY 

The following letter from one of the Society’s members of long- 
est standing adds interesting additional information to the article 
which was reprinted on page 433 of the May issue of the JouRNAL. 
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Ernest H. B. ANDERSON 
266 Kimball Avenue 
Westfield, N. J. 


Monday, June 18, 1951 
The American Society of Naval Engineers, Inc. 


605 “F” Street, N.W. 
Washington 4, D.C. 


Gentlemen : 

The article entitled “Development of the Kingsbury 
Thrust Bearing”, reprinted in the May issue of the JourNAL, 
is of special interest to me. It seems, however, that Mr. 
Kingsbury does not do justice, either to himself or to Ameri- 
can marine engineers, in connection with the pioneer installa- 
tion of his bearings for propeller shafts in the U.S. Navy. I 
refer specifically to Destrover No. 60, U.S.S. Wadsworth. 
The contract for building this vessel was signed on October 
15, 1913, and the official trials took place in May, 1915. A 
complete description of the vessel and the propelling machin- 
ery was printed in the JoURNAL OF THE AMERICAN SOCIETY 
oF NAVAL ENGINEERS, Vol. 27, 1915, at pages 640 - 662. 

I also refer to the U.S. Naval Academy book en- 
titled “Steam Turbines”, a Treatise covering U.S. Naval prac- 
tice, (1916) by G. J. Meyers, Lieut. Commander, U.S.N., and 
draw to your attention Wadsworth and the Kingsbury Thrust 
Bearings, see page 74 and Figure 63. 

Mr. Kingsbury, in the second last paragraph of his 
paper, specifically mentions Admiral Griffin and Admiral 
Dyson. Both officers were Presidents of the A.S.N.E. be- 
tween 1913 and 1916, and I feel assured that both officers 
approved the use of these thrust bearings in this destroyer. 

In conclusion, I can only add that the machinery 
installation of Wadsworth was an engineering achievement, 
designed and built under the supervision of an American 
marine engineer and naval architect; and without doubt, it 
was this gentleman whom Mr. Kingsbury cannot now identify. 

Finally, the references to “Mitchell” are of little or 
no concern, and the correct spelling of the name in question is 
“Michell” (see A.S.M.E. Paper). 

I have purposely refrained from bringing in the 
names of engineers who took leading parts, for there are many 
men who know about this matter of the propelling machinery 
of this remarkable Naval vessel. 


Yours faithfully, 
Ernest H. B. ANDERSON 
Associate and Civil Member, 
1907 to date 
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ANNUAL BANQUET 


The Secretary proposes to discuss the following questions at 
the next annual meeting in October in order to get some member 
reaction. Decisions, of course, will be made at the appropriate 
time by the Council and by the Banquet Committee. 


1. Shall attendance be limited to a smaller number than is now 
permitted ? 

The Statler Hotel has the only banquet arrangement in 
Washington which can accommodate a really large group. As 
those who attend the banquet know, the two large connecting 
rooms have been used but as the attendance increased more 

_and more tables have had to be placed outside in the foyer 
and corridors. This year at least 300 persons were seated 
outside. In spite of that there were only scattered complaints. 
If the rule which was followed this year is continued, 1572 
acceptances are possible. If seats within the main rooms and 
with a view of the speaker’s table determine capacity, the cut- 
off point will be about 1200. 


2. If attendance is limited shall it be done by cutting off 
when the limiting number of applications is received or by re- 
stricting attendance to members only? 

For some years each member has been allowed one non- 
member guest. Attendance has run about 60 percent members 
and 40 percent non-members. It is believed that elimination of 
non-members would hold attendance down but this is not as- 
sured. Most of those who attend are eligible for membership 
and it is possible that this restriction might augment the 
membership without giving the relief to banquet attendance 
which is sought. 


3. Shall favors at the banquet be continued? 


4. Shall the cost of the banquet continue to be less for mem- 
bers than for non-member guests? 


The above questions come up each year and are settled by 
the Council or by its appointed committee. They are so surely 
recurrent that any opinions of members in general would be very 
helpful. Anyone with sufficient interest in the subject to write a 
letter before the annual meeting is urged to do so. 


THE JOURNAL 


Again, a plea is made for comment and constructive criticism 
on the format and contents of the JourNAL. We are still carrying 
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the tear sheet in the back so that it is reasonably easy for anyone to 
suggest subjects for articles. 


MEMBERSHIP 


The membership list continues a steady but very slow growth. 
It can stand the added impetus of at least one new member for 
each present member. After reading “The Second Mile” which 
starts on the opposite page, and which reading is strongly recom- 
mended, some of the intangible benefits of membership in The 
American Society of Naval Engineers will be better understood. 
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Several years ago “The Second Mile” was reprinted in 
the JourNAL. Such a classic cannot be overcirculated. 
It thoroughly merits this second JouRNAL appearance. 


THE SECOND MILE 


A REVISED VERSION 


WILLIAM E. WICKENDEN 


E. WICKENDEN 


Born, Toledo, Ohio, December, 1882; graduated with honors, Denison Univer- 
sity, 1904; graduate student and instructor, University of Wisconsin, 1905-09; 
member of electrical engineering staff, Massachusetts Institute of Technology, 
1909-18; personnel manager, Western Electric Company 1918-21; assistant vice- 
president (relations with colleges), American Telephone and Telegraph Company, 
1921-23; director, Investigation of Engineering Education, 1923-29; president, 
Case Institute of Technology, 1929-47; president, Amelie Reclets for Engineer- 
ing Education, 1933-34 and its Lamme Medalist, 1935; president, American Insti- 
tute of Electrical Engineers, 1946-47; honorary degrees from nine institutions; 
died September, 1947. 


This revised version of “The Second Mile” was published by the Engineers’ 


Council for Professional Development. 


“Whosoever shall compel thee to go 
one mile—go with him twain.” I am not 
sure that I should dare to choose this as 
a text for a talk to engineers, such is the 
present state of our biblical illiteracy. 
However you will recognize it from the 
Sermon on the Mount as a counsel of 
perfection, good advice in the form of a 
paradox which emphasizes a profound 
truth by an apparent denial of common 
sense. 

A preacher, who was reproached for 
straying rather widely from his text, 
replied “A text is like a gate, it has two 
uses; you can either swing on it, or you 


can open it and pass through.” Let us 
pass on through. 


Every calling has its mile of compul- 
sion, its daily round of tasks and duties, 
its standard of honest craftsmanship, its 
code of man-to-man relations, which one 
must cover if he is to survive. Beyond 
that lies the mile of voluntary effort, 
where men strive for excellence, give un- 
requited service to the common good, 
and seek to invest their work with a 
wide and enduring significance. It is 
only in this second mile that a calling 
may attain to the dignity and the dis- 
tinction of a profession. 
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IS NOT EVERY OCCUPATION A PROFESSION ? 


There seems to be an illusion abroad 
that any calling may claim recognition 
as a profession by merely willing it so 
and by serving notice to that effect on 
the rest of the world. It is supposed 
to help a lot, too, if you can invent for 
your occupation some mysterious-sound- 
ing name derived from the Greek. One 
reads, for example, of a group of bar- 
bers who elect to be known hereafter 
as “chirotonsors,” in order to raise the 
prestige of their “profession.” Why not, 
when you have cosmetologists right in 
the same shop? The truth seems to be 
that as soon as any word acquires a 
halo of distinction, every one wants to 
claim it, and the unique value of the 
word is quickly destroyed by indiscrimi- 
nate usage. When one scientist observed 
what the advertising fraternity has done 
to the word “research,” he remarked 
dryly that we now use that word to 
mean so many things we shall soon have 
to invent another word to mean re- 
search. The ambition to dignify hon- 
orable work is laudable, but there is 
much seizing after the form and letting 


the substance escape, which would be 
ludicrous if it were not pathetic. 


A prominent English churchman once 
remarked facetiously that there were 
three sorts of Anglicans—the low and 
lazy, the broad and hazy, and the high 
and crazy. It seems to be much the 
same among engineers in our thinking 
about our profession. We have a low 
church party which holds that status 
and titles are of little consequence; so 
long as the public allows us to claim 
them not much else matters if the en- 
gineer does an honest day’s work. The 
broad church party is all for inclusive- 
ness; if business men and industrialists 
wish to call themselves engineers, let us 
take them in and do them good, not 
forgetting the more expensive grades 
of membership. The high church party 
is all out for exclusive definitions and 
a strictly regulated legal status; in their 
eyes, what makes a man a “profes- 
sional” engineer is not his learning, his 
skill, his ideals, his public leadership— 
it is his license certificate. 


WHAT PROFESSIONS HAVE IN COMMON 


Of professions there are many kinds; 
open professions like music, to which 
any man may aspire within the bounds 
of his talents, and closed professions 
like medicine which may be entered 
only through a legally prescribed proc- 
ess; individual professions like painting 
and group professions like law, whose 
members constitute “the bar,” a spe- 
cial class in society; private professions 
like authorship and public professions 
like journalism, artistic professions like 
sculpture and _ technical professions 
like surgery; ameliorative professions 
like the ministry and social work, and 
professions which safeguard social 


institutions through a_ technique of 
destruction, like the army and navy. 
Despite all these differences of pattern, 
certain characteristic threads run like 
a common warp beneath the varying 
woof of every type of professional life 
and endeavor. 


If one searches the authorities for 
definitions of a profession he will prob- 
ably find four kinds. One is likely to 
hold that the determining quality is an 
attitude of mind, that an altruistic mo- 
tive can lift any honorable calling to 
the professional level. A second may 
say that it is a certain kind of work, 
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one requiring special skill on a high 
intellectual plane. A third may state 
that it is a special order in society, as 
the bar, the bench or the clergy. Still 
others insist that no work can be pro- 
fessional without a confidential rela- 


tionship between a client and his agent, 
as that of patient to physician, litigant 
to lawyer, etc. None of these definitions 
is self-sufficient. Taken together, like 
the legs of a table, they give a profes- 
sion a stable base of support. 


THE INDIVIDUAL AND THE GROUP 


Suppose a man were to say, “I’ll be a 
professional, but I’ll do it by myself; I 
hate organization dues and duties.” One 
would be tempted to reply, “So you'll 
take the head, without the body which 
nourishes it.”” Or suppose another were 
to say, “Oh! I'll join all right, but I'll 
never do anything about it,” to which 
a fair answer would be, “So you'll 
grasp the form and let the substance 
go.” Full professional life can not be 
achieved in isolation; like religion and 
the church, it needs a culture medium 
in which to grow and flourish. Some 
aspects of professional life are essen- 
tially individual, while some are essen- 
tially group relations. 

What is the distinctive mark of the 
professional man? First, we may say 
that it is a type of activity which car- 
ries high individual responsibility and 
which applies special skill to problems 
on a distinctly intellectual plane. Sec- 
ond, we may say that it is a motive of 
service, associated with limited rewards 
as distinct from profit. Third, is the 
motive of self-expression, which implies 
joy and pride in one’s work and a self- 
imposed standard of excellence. And 
fourth, is a conscious recognition of 
social duty to be fulfilled among other 
means by guarding the ideals and stand- 
ards of one’s profession, by advancing 
it in public understanding and esteem, 


by sharing advances in technical knowl- 
edge, and by rendering gratuitous pub- 
lic service, in addition to that for ordi- 
nary compensation, as a return to society 
for special advantages of education and 
status. 


Next, what attributes mark off the 
corporate life of a group of persons as 
professional in character? We may 
place first a body of knowledge (sci- 
ence) and of art (skill) held as a com- 
mon possession and to be extended by 
united effort. Next is an educational 
process based on this body of knowl- 
edge and art, in ordering which the 
professional group has a_ recognized 
responsibility. Third is a standard of 
personal qualifications for admission 
to the professional group, based on 
character, training and proved com- 
petence. Next follows a standard of 
conduct based on courtesy, honor, and 
ethics, which guides the practitioner in 
his relations with clients, colleagues and 
the public. Fifth, we may place a more 
or less formal recognition of status, 
either by one’s colleagues or by the 
state, as a basis for good standing. And 
finally, there is usually an organization 
of the professional group, devoted to 
its common advancement and its social 
duty, rather than to the maintenance of 
an economic monopoly. 


HOW PROFESSIONS CAME INTO BEING 


The traditional professions of law, 
medicine and divinity had a common 
fountainhead in the priestcraft of anti- 
quity. What is professional in modern 
technical callings such as engineering 


can be traced back only as far as the 
mediaeval craft and merchant guilds, 
which arose out of the breakdown of 
feudalism. Before strong central and 
local governments were developed to 
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lend the protection of army or navy to 
far-flung commerce, voluntary groups 
of merchants had to band together for 
their own protection, as in the cities 
of the Hanseatic League along the 
shores of the Baltic Sea. The various 
crafts likewise found it necessary to 
join together in guilds for mutual pro- 
tection and regulation. If you have an 
opportunity to see a performance of 
Wagner’s opera Die Meistersinger you 
. will not only hear much magnificent 
music but also witness an unforgetta- 
ble picture of guild life in its mediaeval 
home. 


There being no other effective author- 
ity, the guilds took over the regulation 
of the hours of labor, the observance 
of holidays, the length and content of 
apprenticeship, the wage system, the 
standards of workmanship and the qual- 
ity of goods. The guilds also tested the 
progress of novices, apprentices and 
journeymen, and finally admitted them 
to the ranks of the masters with impos- 
ing ceremonies, of which college com- 
mencements and inaugurals are the 
most picturesque survivors in our mod- 
ern day. 


WHAT A PROFESSION 


The self-policing responsibilities of 
a profession in our modern world arise 
in large measure from the fact that so 
many of the occasions which call for 
professional service are human emer- 
gencies in which the usual axioms of 
business, such as “competition is the 
life of trade” and its legal doctrine of 
caveat emptor, “let the buyer beware,” 
simply break down. When a baby is 
about to be born or an appendix must 
be removed, you do not want to drive 
a smart bargain at your own risk. What 
you want are credentials that will assure 
you that the job is in competent hands. 


When a layman comes face to face 
with the complex and often terrifying 


The guilds naturally took unto them- 
selves considerable monopolies and 
privileges. As the cities gradually grew 
strong they usually recognized the 
guilds and gave them a considerable 
share of civic responsibility. To this 
day The City and Guilds of London are 
a single corporate unit. The church, too, 
lent its blessing in keeping with a 
philosophy which looked upon society as 
a commonwealth divided into divinely 
ordained functions and not as a mere 
aggregate of individuals. In short, guild 
life became a highly developed form of 
citizenship which centered around oc- 
cupations rather than politics. 


Many features of this distinctive type 
of citizenship are perpetuated in our 
modern professional bodies. The public 
grants to a profession more or less 
tangible monopolies and self-governing 
privileges, in consideration of which 
the profession engages to admit to its 
circle only men of proved competence, 
to guarantee their trustworthiness, to 
insist on the observance of ethical rela- 
tions and practices, and to protect 
the public against bungling and extor- 
tion. 


MUST GUARANTEE 


specialization of professional skill and 
knowledge, he is likely to be baffled or 
easily misled. If you have a problem of 
mental illness in your family, how can 
you be sure you are dealing with a 
qualified psychiatrist and not with a 
plausible but unscrupulous quack? To 
protect you in these emergencies the 
public wisely puts the burden of guar- 
anteeing at least minimum standards 
of competence and ethics on the pro- 
fession itself. The physician you can 
trust is the one who is recognized as 
well qualified and reputable by his 
brother physicians of good standing; 
the same with lawyers, dentists, archi- 
tects and engineers. 
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The state may implement the obliga- 
tion of a profession to guarantee com- 
petence by designating a group of its 
members to conduct professional ex- 
aminations and to issue public licenses 
to those who pass them successfully, 
or it may leave professional bodies free 
to issue their own credentials. Both of 
these practices may exist side by side, 
as in the realm of medicine, where the 
state licenses general practitioners 
through a board of examiners, while the 


IS TECHNICAL 


Professional status is therefore an 
implied contract to serve society, over 
and beyond all specific duty to client 
or employer, in consideration of the 
privileges and protection society ex- 
tends to the profession. To possess 
and to practice a special skill, even of 
a high order, do not in themselves 
make an individual a professional man. 
Mere technical training, at any level, 
is vocational rather than professional in 
nature. The difference between tech- 
nical training and professional educa- 
tion is no simple matter of length— 
any difference of two years, or four, 
or six; nor is it a mere matter of in- 
tellectual difficulty. It is rather a matter 
of spirit and scope. More specifically, it 
can be described as an overplus beyond 
the knowledge, however intricate, a man 
needs to master his daily tasks. 


A surgeon, for example, needs to be 
extremely skilled in tying knots, which 
he learns with the other skills of his 
craft by technical training and pro- 
longed practice, but the overplus in 
his education which marks him as a 
professional man is the long process 
of study, observation and reflection 
which gives him deep insight into the 
human organism and its hidden forces 
of disorganization and recuperation. 
Professional education for the lawyer 
means more than training him to draw 
contracts, or to draft wills and trust 


various groups of specialists have volun- 
tary organizations which examine and 
certify physicians seeking recognition in 
their respective fields. In the end, it 
comes down to the same principle—a 
profession must guarantee to the public 
the trustworthiness of its practitioners. 
In return, the public protects the pro- 
fession from the incompetent judgment 
of the layman by a privileged position 
before the law. 


SKILL ENOUGH? 


agreements, or to prepare briefs and 
try cases. It means also the study of the 
history and philosophy of human rela- 
tions and social institutions out of which 
the law has grown as a deposit of the 
age-long experience of mankind. Like- 
wise for an engineer, technical training 
aims at skill in applying mathematics 
and the physical sciences to concrete 
problems of design, construction and 
operation, but professional education 
looks beyond to philosophic insights 
into the relations of mathematics and 
science as modes of universal human 
experience and to competent under- 
standing of the social and economic 
forces set in motion by technological 
achievement. 


The overplus in professional educa- 
tion, in short, is that which enables a 
professional man to view his work not 
only as a skilled service to a client, 
but also in terms of its consequences 
for society. An engineer, for example, 
develops a labor-saving process and 
recommends its adoption; does he see ~ 
in this act only an immediate saving 
in the cost of production, and assume 
that this is adequate justification in 
itself? Or can he perceive the sequence 
of effects which will be felt in the lives 
of individual workers, of the organiza- 
tion which employs them, of the com- 
munity in which it functions, of the 
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markets which it supplies, and of the 
wider sector of society which it ult- 
mately serves? In the answer to these 
questions there is wrapped up much of 
the difference between a_ high-grade 
technician and an engineer of true pro- 
fessional stature. Every professional 
body counts on its rosters many men 
who are little more than technicians, 


and it is well that they are included 
since professional development comes so 
largely through association and indoc- 
trination. But no professional body can 
be strong and effective unless it con- 
tains a substantial nucleus whose in- 
tellectual attainments far exceed in 
depth and breadth the technical de- 
mands of its practice. 


PROFESSIONAL OBLIGATIONS 


The ethical obligations of a profes- 
sion are often embodied in codes and 
enforced by police powers. Even when 
no written canons exist, as in the artistic 
professions, unwritten usages and stand- 
ards exercise a powerful guiding and 
restraining influence. The physician and 
the lawyer are bound by explicit obli- 
gations. Each must keep inviolate his 
client’s confidence, serve his client’s in- 
terests exclusively, and stay within strict 
bounds of procedure. Woe betide the 
man who oversteps these obligations ; 
if the courts do not deal with him the 
organized profession will. As engineers, 
our codes are less tangible and the 
means of enforcement less explicit, in 
proportion as our duties are less de- 
finable, but our ethical obligations are 
no less binding morally. 


Codes and police powers alone do not 
suffice to sustain the personal and cor- 
porate obligations of a profession any 
more than statutes and courts alone can 
assure the healthy life of a community. 
Equal importance attaches to the state 
of mind known as professional spirit 
which results from associating together 
men of superior type, and from the ad- 
herence to a common ideal which puts 
service above gain, excellence above 
quantity, self-expression above pecuniary 
motives and loyalty above individual ad- 
vantage. No professional man can evade 
the obligation to contribute to the ad- 
vvancement of his group. His skill he 


rightly holds as a personal possession 
and when he imparts it to another he 
justly expects a due reward in money 
or in service. His knowledge, however, 
is to be regarded as part of a common 
fund built up over the generations, an 
inheritance which he freely shares and 
to which he is obligated to add; hence 
the duty to publish freely the fruits of 
research and to share the advances in 
professional technique. If the individual 
lacks the ability to make such contri- 
butions personally, the least he can do 
to pay his debt is to join with others 
in creating common agencies to in- 
crease, disseminate and preserve pro- 
fessional knowledge and to contribute 
regularly to their support. That is the 
purpose to which a large share of the 
membership dues of our professional 
societies is devoted. 


Too many engineers exhibit an un- 
enlightened and petty attitude on these 
matters; mature men who complain 
that the direct returns to them of the 
researches and publications. of a pro- 
fessional society are not worth the an- 
nual fee, and young men who grumble 
because membership does not lead to 
direct preferment in rank and salary. 
Shame on us! Do we look with envy 
on the high prestige of medicine or 
surgery? Then let us not forget that 
this prestige has been won not merely 
through personal skill and service, but 
not less through magnificent contribu- 
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tions to human knowledge without 
profit to the seekers and with incalcula- 
ble benefits to all mankind. Do we covet 
leadership on a par with the legal pro- 
fession? Then we do well to remind 


ourselves that a profession exceeds a 
technical vocation in that measure of 
personal development and powers of 
leadership which fit men for places of 
influence in the community. 


MARKS OF RETARDED PROFESSIONAL DEVELOPMENT 


Measured by standards such as these, 
many men who call themselves engi- 
neers and who have proved themselves 
competent in accepted technical prac- 
tices, have not attained a real profes- 
sional stature. Some are victims of a 
deficient education, not in the sense that 
school and college failed to teach them 
all they would ever need to know, but 
rather failed to inculcate a taste and a 
capacity for continued learning under 
self-direction. They are usually the men 
who have let their scientific training 
slip away after they have mastered a 
specific job, who have been unable to 
surmount the routine of early experi- 
ence and have gradually grown con- 
tent with mediocrity. Some of the diffi- 
culty may be inherent in the operating 
routine so often associated with an 
engineer’s work. There is much in the 


daily work of a physician, a lawyer, or 
a minister of religion which compels 
him to be a life-long student. In peace- 
time, the young army officer is likely 
to spend an average of one year in six 
going to school. The student habit is 
less often a mark of the engineer, and 
in some degree this is but natural to 
the man of action as distinct from the 
man of reflection, but far too many are 
content to leave all growth after their 
college days to the assimilation of ordi- 
nary experience, without sustained in- 
tellectual discipline of any kind. If these 
deficiencies exist, they are not solely a 
reflection on the individuals involved, 
but also on the professional body. One 
of its obligations to its younger mem- 
bers is to give effective stimulus and 
guidance to their growth. 


WHY NOT REQUIRE LONGER TRAINING? 


There is a school of thought which 
has two quick and ready remedies for 
all the ills and shortcomings of the en- 
gineering profession. One is to keep 
the boys longer in college and to com- 
pel them to cover courses in both liberal 
arts and engineering. The second is to 
limit strictly the use of the title “engi- 
neer” to men who have obtained a pub- 
lic license. One need not quarrel with 
either the aims or the means; so far as 
they go both are good, but they cover 
only the first mile. 


Registration will probably always be 
a qualifying standard rather than a par 
standard for the engineering profession. 
By its nature, it cannot be a standard 
of distinction. It will go far toward 


keeping the wrong men out of the pro- 
fession, but it will serve only indirectly 
to get the right men in. Beyond it lies 
a second mile of growth and advance- 
ment for which effective guidance, in- 
centives and rewards can be provided 
only within the profession itself. 


The proposal to compel all engineer- 
ing students to remain six years or 
more in college in order to complete 
combined courses in liberal arts and 
in engineering is attractive in theory 
but unworkable in practice. Some young 
men should do so, but the majority will 
not. Those who do are likely to find 
that the advantage gained comes quite 
as much, or even more, from sharing 
the life and spirit of two divisions of 
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education with differing ideals and 
traditions, as from a more extended 
range of studies. The advantage of 
breadth, so gained, must be weighed 
against the depth which might result 
from devoting the same length of time 
to a combination of undergraduate and 
postgraduate training. No combined 
program in arts and engineering re- 
quiring more than four years can be 
made compulsory in the face of the de- 
mands of industry, the attractive terms 
offered to four-year graduates, and the 
wide range of engineering responsibility, 
nor is it likely to succeed so long as 
the typical student engineer, as gradua- 
tion approaches, shows so unmistakably 
that he is fed up for a time with formal 
teaching and study and craves action 
and experience. 


Much has happened in late years to 
strengthen the belief that possibilities 
in the mile of voluntary advancement 
are more hopeful than any lengthened 
mile of compulsory discipline. Growth 
in postgraduate enrollments in engineer- 
ing colleges in the prewar years was 
especially impressive, with the ratio 
of master’s to bachelor’s degree rising 
above one to ten and that of doctorates 
nearing one to a hundred. What was 
particularly noteworthy was that so 
many of these advanced students were 
pursuing interests and needs which they 
had discovered for themselves in their 
early professional experience, rather 
than a further  discipline—however 
ideal—which others had imposed upon 
them. 


DOES AN ENGINEER NEED HIS PROFESSION? 


The engineer needs his profession for 
his personal advancement. That is the 
purpose which brought it into being.* 
He needs it most at the beginning of 
his career. Perhaps yeu have heard 
the wisecrack on the bringing up of the 
American boy, “When my father and 
my mother forsake me, then the Boy 
Scouts will take me up.” Just substitute 
alma mater and professional society in 
the right places. Young men need for 
their advancement wider sources of in- 
formation, more varied personal asso- 
ciations, broader stimulation to achieve- 
ment and less formal contacts with their 
seniors than they usually find in their 
daily jobs. They also need earlier out- 
lets for their organizing and executive 
abilities—something on a pilot plant 
scale like the campus activities of col- 
lege life. They can gain much from out- 
side recognition. As men mature they 
come to value professional rewards— 


friendships, recognition, responsibility, 
pride in belonging, evidences of distinc- 
tion, etc.—no less and often more than 
money rewards. These are the durable 
satisfactions of life. 


The engineer, in a society based 
largely on group relations, needs his 
profession to safeguard his occupational 
and economic welfare. He needs pro- 
tection against unethical competition, 
against indiscriminate use of the title 
“engineer,” and against all influences 
which might undermine public confi- 
dence in his integrity and competence. 
He needs protection against those who 
assume that he is “just another em- 
ployee” and against sub-professional 
groups seeking to act for engineers in 
the process of collective bargaining. He 
needs protection against the levelling 
influences of unionism and of civil serv- 
ice. He needs the benefits of prestige 
built up through group publicity. He 


* The first professional quciety, The Institution of Civil Engineers, was cogynized in London. The 
to 


officia its 
then beginning life, impressed 


gins, “It was toward the end of the year 18 


7 that a few gentlemen, 


what they themselves felt were the difficulties young men had to 


b 
contend with in gaining Lisswiedige requisite for the diversified practice of engineering, resolved to 
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needs a collective instrument for shap- 
ing public policy in the realm of his 
responsibility. It is true that a profes- 
sional organization is primarily a moral 
agency and not in itself an economic 
or political pressure group, but in the 
long run moral agencies are the more 
powerful and enduring. 


The engineer needs his profession 
because of his stake in the advance- 
ment of knowledge and technical skill. 
Who has a larger stake, and who stands 
to gain more through pooling of effort? 
The ancients washed occasional nuggets 
of useful knowledge out of the gravel 
of common experience by individual 
placer mining, but science began to get 
on only when men organized agencies 
to collect, preserve and disseminate 
knowledge and to mine the hidden veins 
systematically. Otherwise, there would 
be no profession of engineering. Indus- 
trial research, invention and the patent 
system, with all their incalculable bene- 
fits, tend to canalize knowledge and know- 
how in restricted channels. The general 
interest and professional advancement 
alike require that the reservoir of free 
knowledge, stored by centuries of un- 
trammelled research, be constantly re- 
newed. Few engineers can do much 
about it alone. Collectively their capac- 
ity to advance knowledge is beyond cal- 
culation. 


Most of all that has been set down 
above. has an idealistic base. If one 
insists on being a Philistine, it can 
easily be brushed aside with a “So 
what?” Some consider this the natural 
reaction of a man who day by day 
must give hardheaded answers to the 
questions “Will it work?” and “Will 
it pay?”, and whose work leaves no 
room for wishful thinking. But look for 
a moment under the surface. By com- 
mon consent, the quality most univer- 
sal and indispensable among engineers 
is integrity; this is essentially some- 
thing moral or idealistic. Ranking al- 
most equal with integrity is devotion 
to duty; given a job, an engineer will 


see it through, come hell or high water ; 
and ‘so on through the whole catalog 
of the engineer’s distinctive virtues. 
Why is he so? Because a boss or a 
time-clock is policing his efforts? Or a 
money incentive drives him? Or hoped- 
for applause urges him on? Well, 
hardly! Because he has had a soldier- 
like training and indoctrination? In 
some small measure. Because he has a 
tradition to uphold? Yes, no doubt. Or 
is it because of something within him- 
self to which he dare not be disloyal, 
and a faith between himself and _ his 
colleagues—unspoken perhaps—which 
he dare not betray? 


In matters of social concern is the 
engineer just a materialist, promising 
to save civilization by flooding it with 
gadgets? No more than other men who 
bear high responsibilities in the indus- 
trial order. He is not only an engineer 
but a citizen, not only an individual but 
one of a corporate group with a major 
contribution to make to the common 
good. Naturally, he has a concern that 
the prevailing social attitudes and pub- 
lic policies shall favor rather than hin- 
der that contribution. Amid the present 
Babel of economic confusion he has a 
message to proclaim in clear and ring- 
ing terms—that our economic ills can- 
not be solved by division until they are 
first solved by multiplication, that the 
creation of wealth in a democracy is 
the job of free enterprise, and that the 
public has a far greater stake in stimu- 
lating technical progress than in polic- 
ing prices and profits. The dimensions 
of this issue are no longer national, they 
are world-wide. Shall the engineer raise 
his voice from an individualistic soap- 
box, or through the amplifier of pro- 
fessional organization ? 


Millions of individual, unrelated 
efforts will not add up to the future 
that invites our profession. This is no 
time for engineers to wrap themselves 
in the mantle of isolation; let us get 
together and be about our common busi- 
ness. 


525 . 


e 
Ly 


THE SECOND MILE 


A LOOK AHEAD 


Let us risk a look into the next 50 
years, which our present student en- 
gineers are to share in shaping. The 
climax of man’s effort to subdue na- 
ture, to shift labor from muscles to ma- 
chines, to make material abundance 
available to all, and to extend a high 
civilization into the backward areas of 
the world may well fall within their 
lifetime. After that, perhaps human in- 
terest may shift from work to leisure, 
from production to enjoyment, from 
economic progress to culture and from 
industry to art. Who knows? In the 
meantime, however, it seems inevitable 
that industry will be extended on 
worldwide lines, production will grow 
more scientific, research will expand, 
and engineers will multiply accordingly. 


Engineers will find their way into 
every field where science needs to be 
practically applied, cost counted, re- 
turns predicted, and work organized 
systematically. They will be called upon 
to share the control of disease with phy- 
sicians, the control of finance with 
bankers, the bearing of risks with un- 
derwriters, the organizing of distri- 
bution with merchants and purchasing 
agents, the supplying of food with 
packers and purveyors, the raising of 
food with farmers, and the operation of 
the home with housewives. In few of 
these new fields, if any, will engineers be 
self-sufficient ; to be useful they must be 
teamworkers ; and they must be prepared 
to deal with “men and their ways.” no 


less than “things and their forces.” 


The engineering profession, it seems 
equally evident, will bear much heavier 
responsibilities in civic and economic 
affairs. It cannot afford to become 
either a narrow caste of highly skilled 
technicians or a free-for-all alumni as- 
sociation of engineering graduates. It 
will probably never be able to define 
its boundaries precisely, nor become ex- 
clusively a legal caste, nor fix a uni- 
form code of educational qualifications. 
Its leaders will receive higher rewards 
and wider acclaim. The rank and file 
will probably multiply more rapidly than 
the elite, and rise in the economic scale 
to only a moderate degree. 


The engineer’s job will be so varied, 
and will change so fast, and his tools 
will so increase in variety and refine- 
ment with the advance of science, that 
no engineer can hope to get a once- 
and-for-all education in advance. 


We should cease to think of educa- 
tion as a juvenile episode. We should 
expect to re-educate engineers either 
continuously or at intervals through- 
out their active careers. Once the needed 
means of after-college education are 
provided in ample degree the engineer- 
ing colleges could broaden the scientific 
and humanistic bases of their curricula, 
cut down on early specialization, re- 
lieve overcrowded schedules, inspire 
independent work, and show the world 
the best balanced and best integrated 
of all modern disciplines. 


COMPETENCE AND CULTURE 


There are undoubtedly some who feel 
that the cultural and spiritual interests 
of society are menaced by a greater 
dominance of technological education. 
I am unable to share these fears. We 
of the engineering schools have no 
quarrel with liberal education. We 


recognize that there are great numbers 
of young people whose career purposes 
come to a focus late rather than early 
in adolescence and who do well to lay 
first their foundations of culture and 
social understanding before attempting 
to build up some special competence. 
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We believe, however, that there are a 
great many more young people than are 
now provided for whose career aims 
can be brought to a focus late in the 
secondary period and who will do best 
to lay first the foundations of compe- 
tence, then to erect on them a super- 
structure of social understanding and 
personal. participation in cultural ac- 
tivity. If we were to criticize the tra- 
ditional emphasis of the liberal arts, we 
should do so on the ground that the 
preservation and advancement of cul- 
ture and social ideals, except for cer- 
tain highly trained specialists, are not 
the obligation of a special elite in to- 
day’s society, but one which rests 
equally on men and women in all occu- 
pations and social groups. 


Weare not indifferent to culture, 


save that of the dilettante type. Cul- 
ture is to us not a form of profes- 
sional interest, nor the fruit of any 
form of pose or academic exposure, 
but the fruit of spontaneous activity 
which all may share on an amateur 
basis in that second mile which lies 
beyond the compulsions of one’s eco- 
nomic occupation. Expressional activi- 
ties—sport, music, writing, speaking, 
dramatics, and the arts of design—also 
the reading of books, are flourishing 
on many an engineering campus today 
quite as vigorously as in many a so- 
called liberal college. If destiny is to 
make our technological institutions re- 
sponsible in the future for a major 
stem of higher education, and not merely 
for some of its specialized phases, I 
have faith that we shall give a good 
account of our stewardship. 
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PART ONE 


ORIGINAL ARTICLES 


The articles which the Editor, acting under the supervision of 
the Council, has accepted for publication in Part One are the 
original works of the authors. 

They are offered in furtherance of the Society’s raison d’etre: 
to further the advancement of naval engineering. Discussion of 
any article is invited for publication in a subsequent issue. 

Permission to reprint is freely granted on condition that full 
acknowledgment is given to the author and to the JouRNAL OF 
THE AMERICAN SOCIETY OF NAvAL ENGINEERS. 

All articles which have been. written by naval personriel or by 
civilian employes of the Navy Department and are published herein 
carry the personal view of the authors and, unless specifically so 
stated, do not express the official views of the Navy Department. 
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ESSENTIAL FOR VICTORY 


A NEW ESSENTIAL FOR 
VICTORY AT SEA 


LIEUTENANT G. P. STEELE U. 


S. NAVY 


THE AUTHOR 


graduated from U. S. Naval Academy in 1944 with the Class of 1945. Served in 
submarines since that time. Made two war patrols during World War II in the 
Southwest Pacific Area in USS Becuna (SS319). Attended Electronics Materiel 
School, Treasure Island, Calif. (six months’ course). Served as electronics 
officer of a submarine for about three years total as well as in all of the other 
departments. Was Electronics Officer, Staff, Commander Submarine Squadron 
Eight from 1950 to 1951. At present an instructor at the Submarine School, 
New London, Conn., in the Tactical Department. 


Is the Navy being as slow to fully 
adopt electronics as it was steam? In 
1807 Robert Fulton proved that the 
steamboat was practicable. In 1907 Lee 
DeForrest patented the first vacuum 
tube. Both events were of revolutionary 
significance to the United States Navy. 
Both events were slow to make their 
effect felt in the service. Still, have we 
been more receptive to new ideas in our 
century than our great-grandfathers 
were in theirs? 


In 1850 you could walk aboard any 
ship of the Navy and get it underway 
without a flicker of the steam pressure 
gauge. Commanding officers had been 
brought up in the age of sail which 
stretched back to the earliest history of 
mankind. Many barely tolerated the 


dirty, cranky steam engines that soiled 
the holy-stoned topside with a layer of 
soot and cinders. Few took the trouble 
to learn the intricacies of the new in- 
fernal machinery. The old sea dogs 
didn’t want to learn any new tricks— 
and so they had started the Engineer 
Corps in 1836. About the middle of the 
19th Century “many distinguished of- 
ficers wagged their heads wisely at the 
sight of steam ships of war and pre- 
dicted that they would never withstand 
the shock and fire of battle.”* In 1850 


‘ steam was on the scene but it had by no 


means been fully accepted and exploited. 


In 1950 our commanding officers had 
all been brought up in the pre-electronic 
age. But just as the Mexican War 
showed that steam had a place, so 


1 The Monitor and the Navy Under Steam—E. M. Bennett, Houghton, Mifflin & Co., 1900. 
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World War II had demonstrated that 
electronics had a place. It was a rare 
commanding officer that had any but the 
most cursory knowledge of electronics. 
As they were a hundred years before, 
officers were given special training in 
the new skill and assigned duty in it. 
Without the wisdom of yet another 
hundred years we may argue that our 
record as of 1950 was not nearly so 
damning as that of 1850. Today most 
commanding officers have learned to 
lean heavily on electronics, to demand 
more and better equipment, and to ex- 
pect high performance from their elec- 
tronic equipment and personnel. The 
Navy is pouring millions of dollars into 
electronic research and development as 
well as into the procurement of new 
“hardware.” Interest in electronics has 
burgeoned as never before. But there 
are plenty of dark spots on our record, 
too. 


It is a short record. Electronics in 


quantity has existed for the regular 


naval officer for the short span of only 
ten years. In ten years we have traveled 
far and fast. We have come from the 
day of the human eye to the day of the 
electronic eye; from the lookout to the 
radar; from the sextant to the Loran; 
from the visual identification signal to 
the electronic IFF. Our progress has 
been so fast that problems have not 
always been solved as they came up. 
Some have simply climbed on board and 
come along, growing bigger daily. The 
time has come to face and solve them. 


Let us not fool ourselves. The per- 
formance of the Navy’s electronic equip- 
ment in 1950 was not satisfactory. One 


fleet commander last year estimated that 


ten percent of his electronic equipment 
was always out of commission and that 
another fifty percent was unreliable. 
Altogether, sixty percent of the elec- 
tronic equipment in service in that fleet 
was in poor condition! And despite the 
untiring efforts of all concerned that 
black picture had not been appreciably 


improved for the previous two years. 
This problem of electronic maintenance 
is vital and it is urgent. 


As is the case with most problems, 
people are at the root of this one. 
Electronic repair personnel procure- 
ment, training, distribution, and direc- 
tion is a large part of it. Equipment 
design and procurement is another large 
part. The design and procurement of 
the electronic components, the resistors 
and the tubes, and the other myriad of 
complex items, is yet another. But 
above all, the education of the service 
as a whole in electronics is essential to 
a happy resolution of our difficulties. 
The Navy in general looks at electronics 
much as a woman looks at her auto- 
mobile. She knows how to run it but 
hasn’t the slightest idea what is under 
the hood—and doesn’t care. She likes 
it big and shiny and with lots of gadgets. 
If it won’t run she takes it to the shop 
with a grimace and a sigh. If we are 
going to beat this thing we have all got 
to understand basically what is under 
the hood. We have all got to know at 
least as much about electronics as we do 
about steam engineering plants, gun- 
nery, and seamanship. 


Of course, we could leave it to the 
specialists as they tried to do with steam 
in 1836. On this subject the Secretary 
of the Navy said in his Annual Report 
of 1864, “Objection may be given that 
the duties (of line and engineer officer ) 
are dissimilar and that steam-engine 
driving is a specialty. The duties are not 
more dissimilar than seamanship and 
gunnery. When seamanship was the only 
education given to an officer, it was not 
believed he could ever teach sailors to 
drill, and a sergeant of marines per- 
formed the duty which is now so ad- 
mirably discharged by the graduates of 
the Naval Academy. When gunnery 
became a specialty it was inconsider- 
ately and unwisely proposed to have a 
corps of ordnance officers engrafted 
upon the naval service, a separate or- 
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ganization, which should draw to itself 
the knowledge so necessary to each, 
and therefore proper to be distributed 
among all officers. 


“Fortunately, our naval officers are 
taught seamanship, gunnery, and the 
infantry drill, and the service thereby 
saved from distinct organizations in 
these respects which would, inevitably, 
have impaired its efficiency. .. . With 
the adoption of the suggestions here 
made, we shall, in due time, have a 
homogeneous corps of officers, who will 
be masters of the motive power of their 
ships in the future as they have been of 
seamanship in the past.” 


Again in the Secretary of the Navy’s 
Annual Report of 1865 we find the 
following advice: “The management of 
a man-of-war in a gale, on a lee shore, 
in a narrow harbor, or the splendid 
manoeuvres of battle by sailing vessels 
have hitherto been the highest and 
proudest duties of a thorough naval 
officer. The skillful disposition of the 
sails, which was the result of the best 
training of the old school, is no longer 
necessary, except as auxiliary to the 
new motive power which modern inven- 
tion and science have introduced. The 
naval vessel is no longer dependent upon 
the winds, nor is she at the mercy of 
currents; but the motive power which 
propels and controls her movements is 
subject to the mind and will of her 
commander, provided he is master of his 
profession in the future as he has been 
in the past. To retain the prominence 
which skill and education gave him 
when seamanship was the most im- 
portant accomplishment, the line officer 
must be qualified to guide and control 
this new element or power. Unless he 
has these qualities, he will be dependent 
upon the knowledge and skill of him 
who manipulates and directs the en- 
gine.” (Italics supplied.) 


The: line officer might as well learn 
electronics. Already electronics has in- 
vaded nearly every field in which the 


naval officer must be proficient. Elec- 
tronics now aims guns; it drops bombs; 
it navigates ships; it helps control engi- 
neering plants; and it intrudes itself 
into the sailor’s life at every turn. But 
one thing it cannot do itself is to pro- 
vide fully qualified electronic repair 
personnel. 


Our personnel situation in electronics 
was not good last year, and that is an 
understatement. On board ships the 
number of regular Navy electronic tech- 
nicans had increased since 1947, but 
was still below authorized complement 
as to both numbers and rates—the 
Korean War prevented discharges and 
brought in reservists so that a great 
improvement was made by the year end. 
It was the practice to count any striker, 
or seaman designated as an apprentice 
for a given rating, as a rated man for 
the purpose of personnel strength com- 
putations. Since electronic technician 
strikers were almost all graduates of the 
“class A” or basic electronic schools, 
there was some argument for this policy. 
But the inexperienced seaman graduate 
was not in fact the equivalent of a 
seasoned third class petty officer, and 
personnel figures to that extent were 
fallacious. The veteran of a year on 
board has been known to say, “It took 
me six months on board after I arrived 
from school before I found all of the 
fuses !” 


Not only were units of the fleet below 
complement but the training of the indi- 
vidual electronic technician was not 
adequate to meet the demands upon him. 
Class A school was only basic and there 
was frequently too desperate a need for 
his services for him to be sent to ad- 
vanced “class B” school. The training 
received at advanced schools, and even 
at basic schools, was too often more 
valuable to the individual than his naval 
career, with the rapidly expanding 
civilian electronic industry offering at- 
tractive jobs. Until the middle of 1950 
the training cycle was broken again and 
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again by the loss of the most experi- 
enced men. Those who remained. had 
to carry a double load. One crisis after 
another came as each aging equipment 
in its turn broke down. Needed repairs 
were urgently demanded by captains 
who had operational commitments to 
meet. Thus came longer hours and more 
losses to civilian life of disgruntled 
technicians. Pity the desperate elec- 
tronic technician whose basic training 
is not adequate to promptly cure a com- 
plex disorder in a unit of a vital equip- 
ment, and whose frustrated officers 
angrily demand that it be fixed immedi- 
ately. Working all night he may stum- 
ble across the answer. The answer may 
be to get out of the Navy. 


The officer situation was a little bet- 
ter. Sprinkled thinly in the junior 
grades throughout the service was an 
increasing number of graduates of the 
six-month basic officers’ course at 
Treasure Island, California, of the year- 
long warrant officers’ course, and of the 
wartime schools. Postgraduate instruc- 
tion in electronics had been received by 
a comparative few, but the number was 
increasing. Nearly every ship or unit 
of the fleet of any size had at least one 
officer who had received special train- 
ing in electronics. 


The majority of these officers had 
received basic training with a lot of 
theory designed to fit them for the ad- 
ministration of electronic installations 
but not for detailed repair work. A con- 
siderable gap therefore existed between 
their training and that of their average 
electronic technician. This gap could be 
closed only by advanced training in 
maintenance on the part of one or the 
other. Custom and usage often widened 
the hiatus. The officer had been trained 
to exercise direction and not to be a 
physical doer except in emergency. His 
duty was to organize, train, lead, and 
not to lose lightly his capability of 
overall direction by concentration with 
his person on the individual task. So 
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the officer might survey the scene, make 
a rough diagnosis, prescribe a proce- 
dure, and then leave his men to struggle, 
coming back to check on progress and 
offer encouragement and new directions 
when needed. The only trouble is that 
unless one stays with a complex repair 
job on an electronic equipment con- 
tinuously he tends to lose the picture, 
particularly if his own electronic train- 
ing is basic with a lot of theory. Then, 
too, the smaller the unit the more 
watches and other duties and responsi- 
bilities make it unlikely, except in emer- 
gency, that the officer can personally 
assume charge of repair work no matter 
how much he would like to do so. 


Both officers and» men engaged in 
maintenance more often than not lacked 
familiarity with the specific equipment 
with which they were charged. The 
multitude of models of electronic equip- 
ment made the teaching of all equipments 
in detail during schooling impossible. 
“Class C” schools, which teach specific 
equipments, were attended by a select 
few. Therefore, a considerable break-in 
period when the novice became familiar 
with the circuitry and characteristics of 
his equipment was the general rule. His 
instruction book, while an essential tool, 
was usually no effective substitute for 
experience. New equipment, which not 
infrequently was received, required a 
new period of study and experience to 
add to the normal workload. The new 
equipments became more complicated 
and difficult to repair as time passed 
until in 1950 informed sources in the 
Bureau of Ships joked that “each new 
radar will soon come complete with a 
physicist to maintain it.” 


In an attempt to close the gap be- 
tween the theoretical background of the 
trained officers and the basic back- 
ground of the electronic technicians, the 
Bureau of Ships provided the fleet with 
the services of numerous civilian field 
engineers obtained on contract from the 
various major electronic manufacturers. 
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These civilian engineers were a great 
help. Yet conditions did not sufficiently 
improve with their coming. The train- 
ing of the Navy technicians to help 
themselves was a major part of their 
mission, but as time passed they became 
more and more essential. Actual labor 
on deranged equipment used up much 
valuable time which should have been 
spent on instruction. The filling out of 
numerous reports and work sheets for 
their own companies often cut a half of 
a working day from their week. From a 
temporary expedient the contract field 
engineer was passing into the permanent 
living proof that the Navy had lost the 
ability to keep abreast of technical main- 
tenance—that ability which had so long 
been its pride. 


Responsible commanders in the fleet 
were rightfully concerned about the 
unsatisfactory electronic performance. 
They were handicapped severely, how- 
ever, in their attempts to do anything 
effective by their own lack of knowledge 
of the new science and by the lack of 
experienced senior staff officers who 
were competent to advise them. For 
example, a typical type commander’s 
staff had a lieutenant assigned as Elec- 
tronics Officer. He served as an assist- 
ant to a senior commander who was an 
engineering duty designee. On _ the 
squadron commander level the duties of 
electronic officer were performed by a 
lieutenant (junior grade) who was the 
assistant to the staff engineering officer, 
a lieutenant commander with post- 
graduate engineering training. All 
squadron electronics in this particular 
type command, save one, were also com- 
munication officers, an exacting and 
time-consuming job. While these of- 
ficers were conscientious in their efforts, 
their collateral duties cut heavily into 
their time. Vastly more important, their 
quite junior status and youth made their 
voices weak in the councils; their lack 
of experience devalued their wisdom. 


At higher levels this lack of experi- 
enced officers persisted. On fleet staffs 


the electronics officer was a commander. 
The Bureau of Ships had recognized 
electronics with the creation of the 
Electronics Division headed by a senior 
captain, but few, if any, flag officers in 
the service in 1950 were well grounded 
in the field. Navy electronics lacked 
“horsepower.” It lacked the emphasis 
and direction that officers experienced 
in electronics and senior enough at all 
levels could give it. 

The materiel condition of Navy elec- 
tronics at midcentury was not due to 
personnel deficiencies alone. The equip- 
ments themselves were no small factor. 
World War II made tremendous and 
overwhelming demands on the designers 
and manufacturers. Electronic devices 
gave our forces such an edge in battle 
that they quickly became an essential 
for victory. It was no time to indulge 
in a search for perfection. 

In the design of much wartime elec- 
tronic equipment the manufacturer in 
effect wrote the specifications as he 
went along. Circuits were designed 
using, in the main, components then 
existing and used in contemporary 
civilian production. Every new vacuum 
tube and resistor which had to be spe- 
cially designed meant the loss of precious 
time. Is it hard to understand, there- 
fore, how a component which would 
have an adequate life in a civilian radio, 
or which for a short wartime career 
would not fail, could be inadequate in 
peacetime? Here is the secret of much 
of our difficulty. Our equipments have 
grown old and tired. In a piece of sonar 
gear having a thousand individual com- 
ponents time and use have developed 
inevitable, serious, and recurring fail- 
ures which mock the technician at every 
turn. 

There was no time in war to fully 
balance the conflicting needs of the 
repairman and the manufacturer. The 
sets produced were usually much harder 
to “trouble-shoot” than they could have 
been. You just cannot get at the gear 
to fix it without much grunting and 
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groaning—and wasted hours. The de- 
mands for compactness from the fleet 
were often met at the expense of main- 
tenance facility. There is no intent to 
criticize these able designers for their 
wartime work. As it was they worked 
miracles within the meager allowance 
of time. The fact remains that today 
we are still paying a heavy price for 
that lack of time. 


The effect of the regular shipyard 
overhauls in the maintenance of ship- 
board electronic equipment was by no 
means completely salutary. The frequent 
complaint had been heard, “We went to 
the shipyard with all of our equipment 
working, but it took us three months 
after leaving to get all of the ‘bugs’ out 
that the yard put in.” None are more 
acutely aware of this dissatisfaction 
than the shipyard electronic personnel. 
They know their business well. But in 
1950 the full “system check-out” so dear 
to the heart of the shipyard electronic 
shop was not possible. There was no 
opportunity to get everything electronic, 
and the things electronics tied into, all 
ready to test at once—no time to start 
it all running and keep it going for four 
or five days to try to make it break 
down and thus eliminate future trouble. 
Unquestionably, electronic equipment 
will have “bugs” in it after it has been 
overhauled. With so many soldered con- 
nections, sO many individual items 
which may be about to fail, and so many 
latent troubles which do not develop 
until after a considerable period of oper- 
ation at full operating temperatures and 
loads, it is understandable. An electronic 
equipment is not like a pump. A pump 
can be overhauled and given a full load 
operating test. It works or it doesn’t, 
and you usually know quite soon. But 
you cannot say that because you can 
turn on a newly overhauled radar and 
get a fine “pip” from a passing plane 
today, that you will have one day after 
tomorrow. 


Scheduling of work during overhauls 
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can be blamed for most of the trouble. 
Electronics was still definitely a junior 
partner in the shipyard firm. In a small 
space like a submarine control room 
many trades have to. work. Machinists, 
electricians, pipefitters, and painters, to 
mention a few, must do major work 
there. Located there is the air search 
radar, radio equipment, fathometer, and 
other electronic equipment. The elec- 
tronic engineers were nearly always 
pushed to the last or given the odd 
moments. In the midst of the last- 
minute tests the painters, like as not, 
arrived to mask everything and flourish 
their spray guns; or the electricians had 
not finished the cabling and no suitable 
power was available. Not until the final 
few days of the overhaul were all com- 
ponents of the major electronic systems, 
including fire control instruments re- 
ceiving electronic inputs, ready for test 
as a whole. 


Rarely during the test runs at the end 
of an overhaul were aircraft or sub- 
marines available to give the final proof 
of the radar and sonar equipment. In- 
stead, if the indications were satisfactory 
it was “signed off” as completed. It had 
to be. There was no more time. 


A grave handicap for those who 
fought the battles of maintenance was 
in the supply of spare parts. In the 
mountairfs of electronic spares left over 
from World War II one might believe 
would be an ample store of parts of 
every variety. This was not the case. 
Shortages of some items were critical 
in 1950 for several reasons. 


The complex nature of electronic ma- 
teriel means the training of a special 
breed of storekeeper qualified to identify 
and handle it. A man who cannot deal 
with transducers, magnetrons, modula- 
tion networks, and fusetrons cannot 
cope with electronic supply. If he tries, 
as many were forced to do after World 
War II, a hopeless muddle is likely to 
ensue. The shortage of skilled store- 
keepers was a big problem of the elec- 
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tronic supply system. Shortages devel- 
oped at many points due to lack of time 
to identify and ship material from 
activities who stocked it, or due to 
mistaken identification and shipment of 
the wrong item. 


Shelf life of some components, notably 
vacuum tubes, was a potent factor. 
Some tubes become gassy or otherwise 
defective after a year or so of nonuse. 
Large stocks of tubes were found to be 
defective upon issue. The percentage of 
bad tubes issued varied widely by no 
predictable pattern. Some special tubes 
were about fifty percent defective. Shelf 
life also affected the service life of many 
items; old components were likely to 
fail quickly. 

In the educated guessing that had to 
be done in wartime when deciding upon 
the number of spare parts to be stocked 
for a given equipment errors were in- 
evitable. Now we know, on the basis of 
failure data, that additional numbers of 
certain items should have been procured. 
It is hindsight, and it is expensive now 
for the taxpayer. 


Peacetime supply policies also create 
temporary shortages. Obviously, we 
cannot afford to maintain huge dupli- 
cate stocks of electronic materiel at 
every fleet base and supply center. Un- 
used stocks of special spare parts be- 
come obsolete with the equipments. The 
less we have on hand at that juncture 
the better. Also the more money we 
can divert from the purchase of spare 
parts to the purchase of new equipments 
the better. Yet we must have an ade- 
quate peacetime and wartime reserve of 
parts. A fine balance must be struck. 
The attempt was made to stock parts at 
a central stock point with other supply 
activities only carrying enough for im- 
mediate requirements. Too often dis- 
patch action was necessary to procure 
an essential item. 


The determination of requirements was 
a great problem. In spite of repeated 
strong pleas from the Bureau of Ships 


for the submission of failure reports on 
each failure of a component, no matter 
how small, the response from the field 
was spotty. The failure report was one of 
the simplest forms yet devised. It was 
designed to be filled in in pencil and 
mailed by the enlisted technician himself 
directly to the Bureau. It appeared en- 
tirely painless, but the electronic per- 
sonnel of the fleet apparently could not 
believe that the reports would do any 
good. They did not understand the 
reason for a failure report on a tube 
used in everyday home radio sets. They 
hated paperwork. Without this means 
of knowing accurately the rate of failure 
of components, the Bureau of Ships was 
severely hamstrung in its efforts to 
obtain a sufficient number of the neces- 
sary components, and to decide when 
component design needed improvement. 


Finances profoundly affected 1950 
Navy electronics. Since there was not 
enough money to have our cake and eat 
it too, the cash went to research and 
development. Replacement equipments 
purchased were few and far between. 
New pilot models were procured, how- 
ever, for new construction ships and 
aircraft. When the Bureau of Ship’s 
eleven millions of dollars: for purchase 
of new electronic equipment in fiscal 
1950 is contrasted with the pre-Korean 
forty-four millions provided for that 
purpose in fiscal 1951, it is obvious that 
things are definitely brighter in this 
area. 


If there were serious problems so, 
too, were there solutions to these prob- 
lems. At the center of any compre- 
hensive program for improvement 
should be the recognition by all of the 
importance of electronics. Most will 
protest that they do recognize its im- 
portance. Many will be right. But be- 
fore we can expect real improvement 
in Navy electronics we must open our 
eyes to the many glaring inconsistencies 
which still enjoy life and health. Elec- 
tronics has not been recognized for its 
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true importance when this indispensable 
branch of engineering is run by juniors. 
Like a pesky little sister being ditched 
by older brothers, electronics gets 
ditched by the senior shipboard and 
staff officers. To let electronics go to 
the junior man who cannot avoid the 
job has been more often the rule than 
the exception. To assign heavy col- 
lateral duties, such as communications, 
to the electronics officer is common 
practice. As long as electronics is rep- 
resented by the junior man it will be 
junior in performance and junior in 
progress. 


The standard organization of fleet 
units and staffs should be overhauled. 
On the new command ship (CLC) being 
constructed, should electronics be rele- 
gated to the Electronic Repair Officer, 
a subordinate of the Engineer Officer ; 
or to the Communication and Combat 
Information Center Officers who are 
subordinates of the Operations Officer ? 
Electronics has reached the stage on 
combatant vessels where it merits de- 
partmental status on an equal basis with 
Gunnery and Engineering. It follows 
that the electronics officer on a staff 
should have equal rank and status with 
the gunnery officer and the engineér 
officer. 


Nor has electronics reached full rec- 
ognition when the emphasis in ship- 
yards is on getting the ship out of the 
yard in the allotted period with the 
engineering plant and hull in perfect 
shape and electronics is given a lower 
priority. In war a ship that departs 
from a shipyard with hull, machinery, 
and ordnance in the best of condition, 
and yet fails to detect an attacker before 
it is too late due to defective electronic 
gear, would have been better off never 
to have sailed. The loss of a ship away 
from base usually means total loss of 
the ship and great loss of life. If the 
ship had been sunk in port, unable to 
leave due to engine trouble, probably 
fewer lives would be lost and salvage 


might be possible. Not that the hull, 
machinery, and ordnance equipment is 
not essential, but rather that the elec- 
tronic equipment is equally so. 


A new overall attack on the electronic 
personnel situation should be made. One 
solution which has been suggested is 
that the complicated electronic equip- 
ment be kept healthy like the human 
body. Let the electronic technician be 
the “hospitalman.” Provide a new of- 
ficer specialist on every ship who would 
be the “doctor” and have analogous 
duties including “surgery” when neces- 
sary. This proposal is radical to the 
naval service. It would disturb many 
well-founded and proven relationships 
between the line officer and the special- 
ist, and between officers and men. 
Nevertheless, new and more baffling 
equipments are coming before we have 
even mastered the present ones. Some- 
thing must be done now to meet the 
future problems. 


A workable compromise might be to 
promote the bright electronic techni- 
cians, after suitable schooling and sea 
service, to the warrant officer grades at 
a much accelerated rate. Warrant bil- 
lets should then be established in the 
field of electronics in every unit of the 
fleet of any size. Fully half of the serv- 
ice of these warrant officers should be 
in advanced schools or shipyards where 
they could keep up to date on the latest 
techniques and equipments. The promise 
of increased opportunity should hold a 
much larger share of the best electronic 
technicians in the service in peacetime. 
Also the line officers would be able to 
continue their overall command in elec- 
tronics without the present gap between 
their experience and training and that 
of the enlisted technician. 


The various Navy electronic schools 
at present are doing a splendid job of 
training as the offers by civilian firms 
prove. Unless the present chain of 
events can be broken, however, a small 
number of electronic technicians will be 
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given advanced training. If we had an 
inflexible rule that all electronic tech- 
nicians._were to.return to advanced 
school automatically after completion of 
three years of field service, we could 
show a positive improvement. Elec- 
tronics is not static. New schooling is 
required at regular intervals if the tech- 
nician is to keep abreast of new devices 
and methods. Advanced training is 
essential to advanced “trouble-shooting.” 


Adequate maintenance depends more 
upon the solution of the personnel prob- 
lem than upon any other other except- 
ing only the education of the service at 
large, from which such a solution would 
certainly flow. Given sufficient properly 
trained maintenance personnel many of 
the present troubles would vanish. 


Shipyard overhauls are a tough nut to 
crack. Elevation of the electronics work 
to equal priority is not the entire an- 
swer. Rearrangement in the involved, 
highly specialized business of scheduling 
the work on a vessel in overhaul is not 
to be undertaken lightly. That is not to 
say that it cannot or should not be done. 
It has been done before. At one ship- 
yard not long ago the heat was on. 
A submarine had left the yard and in 
ten days all major electronic equipment 
was out of commission. Loud complaints 
were received from quarters that could 
not be ignored, with the usual ominous 
copies to all concerned. The next sub- 
marine work had to be good or else. 
It was decided that two weeks from the 
end of the overhaul the control room 
and conning tower would be closed to 
all trades except electronics during the 
day shift—and most of the other trades 
were directed to be finished in those 
compartments by that time. In particu- 
lar, all normal electric power had to be 
restored by the deadline, and all asso- 
ciated fire control equipment was to be 
in full operation. As a sample of the 
ship’s attitude, the commanding officer 
stated that if not one drop of paint was 
used anywhere except behind equipment 


where the ship’s force could not reach, 
he would be satisfied—provided only 
that everything work when he left and 
stay working. The ship would do the 
painting. Of course, the two-week dead- 
line could not quite be met. But a full 
ten days was saved for electronics. 
Most of that ten-day period was spent 
continuously operating the equipment. 
Ship’s force and yard personnel took 
turns watching the gear. When it failed 
the shipyard engineers made repairs as 
rapidly as possible and turned it back 
on. Needless to say this program was 
a big success. To prove optimum opera- 
tion the services of aircraft and a sur- 
face ship were arranged and all equip- 
ment was checked out and given final 
adjustments. No significant casualties 
to any electronic equipment followed 
departure from the shipyard, and the 
submarine was able to give the yard a 
well-earned pat on the back. 


In the field of design much is now 
being done to keep the future tech- 
nician from unnecessary lost motion. 
Here is a vital spot. If we have com- 
plex gear that we cannot keep operating, 
we would be better off without it—so 
that we could use the space for a few 
more rubber life rafts. 


Components are the bane of the tech- 
nician’s existence today, the lack of 
them and their short service life. Re- 
design of components as to size, life, 
and susceptability to mass production is 
receiving much attention. These re- 
quirements are often conflicting. Speci- 
fications must be drawn with the utmost 
care. Essential failure data must be 
provided by the operating forces. Rather 
than the voluntary submission now re- 
lied upon, the report should be made 
rigidly obligatory. It is absolutely nec- 
essary that complete data be collected 
and analyzed. The only way to do it is 
to rely on command, the military way. 
The technician will not fill out a form 
that takes only one second of his time 
for some distant and vague bureau if 
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his commanding officer is not concerned 
with it and wants the equipment fixed. 
And he will continue to be needed to fix 
the equipment all of the time until he 
gets new components. Instead of ask- 
ing the technician for the information, 
we should ask the commanding officer. 
We should clearly inform the command- 
ing officer why the information is 
needed, and exactly what is being done 
with it. 

Liaison with the operating forces is 
nowhere more important that in design 
work. It is difficult to see how there 
could be too much of it. It benefits both 
designer and consumer. The consumer 
learns what the designer has up his 
sleeve and what it is reasonable for him 
to ask for. A demand is created for 
hitherto unknown items. The designer 
is forced to come down out of the clouds 
and fit his schemes to the needs of the 
consumer. He secures direction and in- 
spiration from the man in the field. 
Those primarily concerned with tactics, 
and even strategy, must be fully capable 
of incorporating new developments into 
their plans and even of demanding them 
from the designers. A knowledge of 
what our own designers are working 
on is essential to those who must wonder 
what the enemy’s bag of tricks contains, 
and how to counter them. 


If two world wars reemphasized any 
lesson, it was that of supply. Supply is 
closely tied to demand. Design must 
help supply to meet the demand. The 
demand in peacetime, if one can call 
this peacetime, now frequently out- 
strips the supply. Economy of force in 
the utilization of the available funds 
requires that we juggle supply and de- 
mand so that we do not tie up more 
money than is necessary in idle parts. 


We must remember that successful war 
is the responsibility of the military man; 
we are not preparing for peace.. We 
must try not to let peacetime methods 
and ideas lose our campaigns. 


The United States Navy has many 
achievements in electronics of which it 
may be proud. We are today ahead of 
every other nation in our applications of 
electronics to naval use. It would be 
folly to rest now, and we will not do so. 
What vast new fields electronics will 
open to us in the next hundred years 
none can predict with certainty. If the 
naval officer of 2050 does not, however, 
look upon many of us with the same 
indulgence with which we now regard 
the sailpower captain of 1850, it will be 
surprising. That we could fail to appre- 
ciate the great tools we have and fail 
to strive with all of our energy to master 
them, is evidence of the inherent con- 
servatism of the human being. That we 
are doing far better with our new 
science than our forebearers were doing 
a century ago may indicate that man is 
learning something after all. 


A great educational job, even a mis- 
sionary job, remains to be done within 
the naval service. The aim must be to 
place electronics on the level of im- 
portance in the line officer’s heart and 
mind with time-honored seamanship, 
ordnance, and engineering. Within the 
memory of living man this missionary 
work was being conducted for engineer- 
ing. Today the engineer is not the 
object of sly mirth or of the wise toler- 
ance of the ignorant. The captain of a 
man-of-war of 1850 would: be amazed 
to find the once lowly engineer envied 
and respected in 1950. History will 
repeat itself. 
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This paper reports on a series of temperature runs on a high-pressure, high- 
temperature bolted flanged joint. The work was done in the mechanical engineering 
laboratory at the Johns Hopkins University during 1949. Bolt stresses were com- 
puted from temperature measurements in the bolts and flanges. A stream of hot 
gases was introduced in the line containing the flange, the stream temperature 
ranging from 600°F to 1200°F. The Reynold’s Number varied from 10,000 to 


SUMMARY 


541 


20,000. 


PIPE JOINT BOLT STRESS 


The temperature differential between the flange and bolts was found to be small 
in all cases, and linearly related to the stream temperature. The findings are 
contrasted with those reported earlier by some German engineers. 


NOMENCLATURE 


The principal quantities used in this paper have the following definitions and units: 


T, = stream temperature, °F. 
T, = metal temperature, °F., location as noted in application. 
T, = flange temperature, °F., at some point near a bolt hole. 
T, = average flange temperature, °F. 
Ty, = specific bolt temperature, °F. 
T, = average bolt temperature, °F. 
= Young’s modulus, psi. 
a = mean coefficient of linear thermal expansion, inches per inch per °F. 
¢ = “Thermal stress” specifically used to identify the stress due to the 


flange-bolt temperature differential. 
Re = Reynold’s Number, dimensionless. 


I—INTRODUCTION 


Widespread interest in the analysis of 
the flanged pipe joint has extended over 
a great many years. An analogous treat- 
ment of rigid members joined by an 
elastic bolt and gasket was presented as 
long ago as 1897.1. The problem of 
selecting and applying bolt loads has 
been described by Petrie? and others, 
while flange stresses have been the ob- 
ject of many investigations.* In an 
effort to operate with lower bolt 
stresses, hairpin-type springs were in- 
stalled between the flange and one nut 
on an experimental joint used at one of 
the power stations of the Detroit Edison 
Company.* This technique limited the 
bolt stress to about 10,000 pounds per 
square inch, and the test installation 
functioned satisfactorily on high-tem- 
perature steam service. 


The danger of using high initial bolt 
stresses in a joint intended for high- 
temperature service was pointed out by 


Salingré,> who offered a nomographic 
device for estimating the stress incre- 
ment due to thermal expansion. The 
Salingré article also mentioned tempera- 
ture studies made by A. Borsig of Ber- 
lin on a bolted flanged joint in a power 
house. The Borsig tests were made on 
a line supplying steam to an engine, 
and report time-temperature relations 
for a joint with and without insulation. 
The Borsig data are shown plotted in 
Figs. 1 and 2. 


During the warming-up period the 


- pressure as well as the temperature rose. 


This fact, the odd shape of the test 
joint, and the absence of data on flow 
conditions and physical dimensions, 
make the Borsig tests indicative rather 
than definitive. They do show a large 
temperature difference between the bolt 
and the flange, with the implication 
that a considerable thermal stress has 
been added to the bolts. In another 
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part of his article he indicates that 
these thermal stress increments may 
exceed the original cold pull-up stress. 


The present investigation was under- 
taken in an effort to determine the 
magnitude of the thermal stresses in the 
bolts of a high-pressure, high-tempera- 
ture flanged joint using a gaseous 


medium. In order to approximate ex- 
treme conditions, a hot gas stream was 
suddenly introduced into the line con- 
taining the joint, so that transient 
stresses might be investigated. To ob- 
tain a maximum temperature differ- 
ential between the flange and the bolts 
the joint was left uninsulated. 
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Ficure 1. Borsig Data (5) for Insulated Joint Heated by Steam. Ordinate shows 
Temperature, °C., abscissa the time in hours. Machine warming up from 5:30 to 
6:30, and in operation under load thereafter. 
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Ficure 2. Borsig Data (5). for Uninsulated Steam-Heated Joint. Centigrade Tempera- 
ture as Ordinate, time in hours as abscissa. Machine Warming Up between 5:10 
and 7:00, in Operation Under Load Thereafter. 


1I—THE TEST JOINT 


A forged-steel flanged joint was used 
in these tests. It was of the commercial 
4-inch, 1500-lb. type. A 6-inch length 
of 4-inch, Schedule 160, steel pipe was 
welded to each flange, after which the 
assembly was bored out to a uniform 
internal diameter. The flanges were 
turned to the dimensions shown in Fig. 
3. In order to eliminate one variable 
from the problem, the gasket was 
omitted. Instead, the raised faces were 
ground and lapped. The bolt holes were 
faced so as to offer a flat bearing area 
for the stud nuts. 

Eight 1%” bolts were used, having 


the chemical and physical properties 
listed in the appendix. The bolts were 
squared off to give a total length of 
7.975 inches, and each bolt was identi- 
fied by a number punch. The nuts were 
also squared. Five thermocouples were 
located on each test bolt, one at the 
center, two on opposite sides 13@ inches 
above center, and two on opposite sides 
13 inches below center. These thermo- 
couples were actually inbedded in inac- 
tive screw threads. 

Thermocouples were located in the 
flanges as shown by the lettered posi- 
tions in Fig. 3. In the preliminary tests, 
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28ga. iron-constantan thermocouples 
were used. These had been calibrated 
previously against the boiling points of 
water, sulphur, and mercury. In the later 
tests chromel-alumel thermocouples were 
used, and recording potentiometers 
were employed. The thermocouples in 
the flanges were protected by capillary 
glass tubing. 

During the assembly a special fixture 
was used to center the bolts in the bolt 
holes. The bolts were carefully tightened 
to give a root stress of 50,000 pounds 
per square inch or 44.9% of the yield 
point. 

Any external bending moment on the 
flanged joint would be reflected in a 
stress increment in the bolts. To remove 
this additional variable, the joint was 
not rigidly fastened to the communi- 
cating piping. The short length of pipe 
welded to each flange merely butted 
against a 4-inch steel line through which 
the hot products of combustion could be 
led. To hold the piping and flange 
axially, a narrow strap of galvanized 
iron was used. For gas tightness a layer 
of asbestos paper was used between the 
pipes and the galvanized iron band. 


Ficure 3. 


III—METHOD OF TEST 


The experimental arrangement is 
shown in Fig. 4. Air at room condi- 
tions entered the 3-inch pipe A, passing 
around the control cones. After a long 
straight run, the air passed through the 
thin plate orifice B. Both air orifices 
used in this research were calibrated 
against a Thomas Meter. A precision 
manometer, which could be read to 0.001 
inch of water, was used during the 
tests. The chamber C contained a 
domestic gun-type oil burner (Anchor 
Post Products Co., type P-3C) equipped 
with several nozzle plates and having a 
maximum capacity of three gallons per 
hour. Oil was stored in the 50-gallon 
tank D, which also supplied fuel during 


the warming-up period. The scales and 
weigh tank E were used for weighing 
the fuel burned. 


The combustion chamber F consisted 
of a steel drum lined with 4 inches of 
plastic firebrick. A 3-inch layer of glass 
wool was used externally. The hot gases 
passed from the combustion chamber 
through a ten-inch line to the mixing 
chamber G, entering the latter tan- 
gentially. 


In order to control the temperature 
of the gaseous mixture, a cool air sys- 
tem was added. Air. at room tempera- 
ture entered a 6-inch line at H, passed 
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Ficure 4. 


through the calibrated orifice I, and 
then through the auxiliary fan J. A 
parallel flow of hot and cold gases was 
effected by introducing the control 
stream in the center of the 10-inch con- 
necting line. The offtake from G was 
centrally located in an effort to promote 
the mixing of the two streams. 


From the tank G the hot gases were 
led into a 4-inch line. The gases could 
be sent through the test line K or 
through the bypass line L. Disposition 
of the fluid stream was controlled by 
the quick-opening valves N,N, one of 
which was always open. These valves 
were constructed for this experiment, 
and each was actually a special type of 
“spectacle” flange. The moving mem- 
bers were large triangular pieces of 
half-inch transite board, covered top 
and bottom with asbestos paper. The 
valve moved about a fulcrum located at 
the apex of the triangle. Special clamp- 
ing frames were located on the com- 
municating piping above and below the 
transite plate. When opening the valve 
the clamps were reversed, lifting the 
pipe ends free of the plate. The moving 


element was then shifted, and the clamps 
could then be brought down to force 
the pipe ends against the asbestos paper, 
making a gas-tight joint. One of the 
quick-opening valves is shown in Fig. 5. 
The valve with its clamping frames is 
shown just under the tripod which sup- 
ports the flange. Throughout the test 
program these inexpensive valves oper- 
ated most satisfactorily, being gas tight 
and positive in action. 


Returning to Fig. 4 it will be seen 
that the gas path above the quick-open- 
ing valves was either through the by- 
pass line L, or through the test section. 
The flanged joint was supported inde- 
pendently of the main piping as noted 
previously. This support was provided 
by the pipe tripod shown in Fig. 5. 
Small stainless steel cones were cen- 
tered on each of three bolts, the cones 
being supported on short lengths of 
¥%-inch quartz tubing held on adjusting 
screws. The joint was braced laterally 
by three guy wires attached to the 
upper section of the assembly. 


Stream temperatures were measured 
by calibrated silver-shielded chromel- 
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alumel thermocouples, loaned for this 
purpose by the U. S. Navy Engineering 
Experiment Station. Three of these 
thermocouples, each marked P, are 
shown in Fig. 4. The exhaust fan M 
completed the test arrangement. 


Control of the test conditions de- 
pended upon control of air flow and oil 
flow. With the bypass line open, the 
fan M was started, the oil burner 
lighted, and the auxiliary fan J turned 
on. A given flow rate was established 
from manometer readings on the two 


- orifices. Thermal equilibrium was as- 
sumed when the thermocouple in the 
line just after the mixing chamber 
showed essentially constant temperature 
at that point. The recording potenti- 
ometer was started at the same time as 
the oil burner, and temperatures of the 
gas stream, bolts, and flanges were con- 
tinuously recorded. 

Ps At this time the quick-opening valves 

ce were reversed so as to send the hot gas 

er, stream through the flanged joint. Time, 
he fuel rate, and air flow readings were 

2. taken, as well as the temperature meas- 

is urements. 

1p- 

est 

er- 

ht IV—RESULTS AND DISCUSSION 

A schematic representation of the 
sates temperature history of the joint is 
ull shown in Fig. 6. The oil burner was 
dy- turned on at Point A, the products of 
4d combustion being by-passed to atmos- 

de- phere. The stream temperature, T,, 

a showed a rapid increase. 

4 Due largely to conduction, there was 
en- a gradual rise of temperature at the 
nes flanged joint even though it was blanked 
of off. When stream conditions were 
ing stabilized enough for test purposes, the 

lly flange temperature had risen to point D, 

the and about five and a half hours had 
elapsed. 

red Figure 5. Strain Cycle Analyzer Immediately after the change-over, a 

nel- and Gage. , continuous increase in the temperatures 
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on the flange and bolts was measured, 
each tending asymptotically toward a 
constant value. Referring to Fig. 3, the 
flange metal temperature was measured 
at point A, this thermocouple plots as 
Tm in Fig. 6. Below this there is a 
narrow band representing the range of 
flange temperatures Ty. The lowest 
group of curves shows the limits of the 
bolt temperatures T,. 


While the flange and bolt tempera- 
tures increased continuously, the differ- 
ential temperature between these two 
tended to reach a constant value in a 
relatively short length of time. This is 


shown in Figs. 7 and 8, where the dif- 
ference between the average flange tem- 
peratures and average bolt temperatures 
in shown plotted against time. In these 
zraphs the large numerals in circles 
represent run numbers. In general, the 
maximum flange-bolt temperature dif- 
ferential was established somewhere be- 
tween 20 and 40 minutes after starting. 
The only exception was Run No. 11, 
the maximum stream temperature test. 
which required 75 minutes to level off. 
The significant quantities on the several 
runs are summarized in Table I. 


The equilibrium, or maximum, value 
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Run Number 1 2 


(Tt-To)eq. | 20.0 16.5 
| 


j 
25.0 | 30.0 25.5 | 27.5 32.0 29.5 37.0 


Time toeq. 47 44 40 
(minutes) 


32 28 30 28 33 75 


(Ts, (°F) 799 608 920 =| 955 


857 | 960 922 875 981 1071 =| 1233 


Reynolds 14.95 13.14 20.70, 12.46) 18.20) 11.82. 1720 | 12.50 


No. (x10-3) 


| 


{ 


17.43 10.13, 10.92 
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Ficure 7. 


of (T; — Ty) eq. is significant as an 
indication of the additional bolt stress 
imposed by differential thermal expan- 
sion. In Fig. 9 these values have been 
plotted against stream temperature. It 
is interesting to note that this tempera- 
ture differential is not large, and that 
there is an essentially linear relation 
between it and the stream temperature. 

Over the whole range of the tests the 


greatest flange temperature was 524°F, 
and the lowest bolt temperature was 
279°F. In this range, and for the ma- 
terials involved, an average value of 
the coefficient of thermal expansion of 
7.58 x 10-* inches per inch per degree 
F. may be used. Taking a mean value 
of the modulus of elasticity of 28.3 x 
10° pounds per square inch, the thermal 
bolt stress is given by: 
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Ts = (7.58) (283) (Tr — Ty) « 
Equilibrium values of the thermal stresses are given in Table IT. 
TaBLeE II 
Run Number 1 2 3 4 | 5 6 | 7 8 9 10 11 
t, psi 4280 | 3540 | 5360 | 6220 5360 | 6430 | 5460 | 5890 | 6860 | 6320 | 7940 
These stress increments are small, even 50 
at the highest stream temperature. <i 
As previously indicated, the data re- | 
‘ 30 
ported on the Borsig tests were incom- - 
plete, and shape, dimensions, and me- ‘ 20 iS po 
dium were radically different. However, += j0 t 
it is appropriate to attempt a comparison is t 
of the uninsulated steam joint, Fig. 2, 500 700 900 #41100. ~—«*1300 f 
with the results on the gas-heated joint. Ty STREAM TEMPERATURE, °F és 
The flange-bolt temperature differential 2 
for the Borsig joint is plotted against Ficure 9. F 
fe 
La 
40 
ce 
30 T 
20 
— tu 
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TIME. MINUTES 
Ficure 8. 
550 


PIPE JOINT BOLT STRESS 


320 160 
200 100 = 
160 80 
120 60 ws 
80} 40 
4 20 
10) 
O 20 40 60 80 100 140 180 220 
TIME, MINUTES 
Ficure 10. 


time in Fig. 10. The lower curve, with 
the right-hand ordinate, represents the 
flange temperature, taken as the average 
of thermocouples 10, 11, and 12 (Fig. 
2), less the average bolt temperature. 
From Fig. 1 it can be seen that the 
German tests were run on a Van-Stone 
type joint with a relatively thick facing 
section on the nipple itself. Thermo- 
couple 7 measured this temperature. 
The upper curve on Fig. 10 represents 
the difference between this metal tem- 
perature and the average bolt tempera- 
ture. From Fig. 10 it may be seen that: 


(1) Although the equilibrium stream 
temperature was only 654°F, the 
flange-bolt temperature differen- 
itals were very much greater than 
for the gas-heated joint with a 
stream temperature of 1233°F. 

(2) The wavy form of the curves 
suggests that the temperature 
and/or steam pressure were 
varying. If this is allowed for, 
the flange-bolt temperature dif- 
ferential is seen to build up to- 
ward an equilibrium value at a 
rate faster than that shown in 
the gas-heated joint. 


(3) It is difficult, if not impossible, 
to determine the effective lengths 
of the flanges and nipple facings 
in the Borsig joint, and to assign 
to them the temperature differ- 
ences shown in Fig. 10. One 
method of estimating involves 
taking the nipple facings equal 
to one flange thickness, then: 


) + 


which, at 100 minutes, would 
have a value of: 


5 ( 124 ) + (236 ) ) 
x 7.58 X 283 = 38/800 psi. 


Stresses of this order are anticipated 
in the Salingré nomograph. The high 
flange-bolt temperature differentials, and 
consequently the high thermal-bolt 
stresses, in the steam joints are appar- 
ently due to the very high film coeffi- 
cients of heat transfer on the steam side. 
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V—CONCLUSIONS 


Based upon the experimental work with 
the uninsulated 4-inch gas-heated joint: 


(1) 


(2) 


The flange-bolt temperature dif- 
ferential, hence the stress due to 
such differential, is small in com- 
parison with a steam-heated joint. 
The thermal stresses are small 
compared to those normally used 
in setting up such joints. 

The equilibrium value of the 
flange-bolt temperature differen- 
tial is reached in approximately 
40 minutes. 


For uninsulated joints, based upon the 
present and Borsig data: 


(1) 


The flange-bolt temperature dif- 
ferential appears to build up 
steadily to an equilibrium value, 
and does not pass through any 
transient values in excess of that 
at equilibrium. 


(2) 


Vapor lines have a tendency to 
reach the equilibrium value of the 
flange-bolt temperature differen- 
tial in less time than gas lines. 


With regard to bolted flanged joints: 


(1) 


(2) 


The present tests indicate that 
the thermal stresses in the bolts 
of a gas-heated joint are small. 
Furthermore, these are reduced 
when the joint is insulated. 


It would appear desirable that 
some actual thermal bolt stresses 
be investigated in installations 
using both superheated vapors and 
condensing vapors, as the present 
research has not touched upon 
these problems. The Borsig tests 
have indicated a high magnitude 
for such stresses. 
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VIII—APPENDIX 


The bolting material had the following analyses: 


Chemical ‘Analysis 
Carbon 40 
Manganese 69 
Phosphorus 021 
Sulphur .027 
Silicon 21 
Chromium .96 


Molybdenum 18 


Physical Properties 
Tens. 134, 025 Ibs. per sq. in. 
Yield 111, 250 lbs. per sq. in. 
Elongation 20% 

Reduction of Area 63144% 
Brinnel 301 
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GENERAL 


With the advent of the gas turbine 
engine as a prime mover, it becomes 
increasingly evident that units of low 
power output can be used to advantage 
in applications formerly considered be- 
yond their scope. Where the inherent 
advantages of the gas turbine engine 
outweigh the moderate thermal effi- 
ciency loss attendant on scale reduc- 
tion, a small gas turbine can be applied 


with major gains. A simple cycle tur- 
bine scaled down to an output as low 
as 50 shaft horsepower still gives a 
weight-to-power ratio considerably bet- 
ter than a comparable reciprocating 
gasoline engine. It can operate on low- 
cost and less flammable Diesel fuel, 
and has potential reliable starting char- 
acteristics at low ambient temperatufe. 
There are fewer parts in a gas turbine 
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than in a reciprocating engine, and 
hence the maintenance and _ service- 
ability are correspondingly more sim- 
ple. These facts, especially the weight- 
power ratio, led the Navy Department 
to consider such a power plant to drive 
a 500-gpm. portable fire pump for ship- 
board use in place of the pumps now 
employed, which are driven by four- 
cylinder, two-cycle gasoline engines. 


By 1948 the intensive development 
and improvements in gas turbine de- 
sign and the widespread service ex- 
perience gained in aircraft applications 
indicated that an acceptable operating 
life could be expected from the small 
gas turbine power plant under con- 


sideration. Consequently, competitive 
proposals were requested by the Navy, 
and contracts were awarded by the 
Bureau of Ships for prototype units 
for test. One of the contracts was 
given to Solar Aircraft Company of 
San Diego, California, which designed 
and produced a power plant identified 
as the Solar Model T-45 Portable Gas 
Turbine Driven Pump. The prototype 
pump set was delivered in June 1950 
for evaluation tests at the Naval En- 
gineering Experiment Station, Annap- 
olis, Maryland. It is the purpose of 
this paper to discuss the mechanical 
construction, performance, and field of 
application of the Model T-45 prime 
mover. 


DESIGN REQUIREMENTS 


The contract under which the Solar 
Model T-45 unit was produced had as 
a basic requirement that the prime 
mover -be designed to drive a cen- 
trifugal water pump of the same rating 
as the pump used on the Navy’s origi- 
nal Type P-500 portable water pump 
set. This rating, with sea water, is: 


500 gpm. 
Discharge pressure. . 100 psig. 
Suction lift ........ 16 ft. 


With a power plant operating at the 
normal high speed of_a gas turbine, it 
would appear only logical to design a 
high speed pump. However, it was 
found that this suction and flow rate 
cannot be achieved without cavitation 
at a pump speed much above 4500 rpm., 


which is the speed of the original 
pump. Therefore the original pump 
with some minor modifications was 
used, and the power plant was designed 
to suit. 

Although standard ambient tempera- 
ture for Navy gas turbines is 80° F., 
it was agreed that design calculations 
would be based on an ambient tem- 
perature of 120° F., to insure rated 
power under all operating conditions. 
At the rated flow conditions above, the 
pump requires an input of 47 hp. on 
the driven shaft. Hand starting was 
required, and Diesel fuel (Navy Speci- 
fication No. 7-0-2e) was specified. A 
waterproof ignition system of maxi- 
mum simplicity that would operate 
reliably without battery or external 
power was called for. 


BASIC ARRANGEMENT 


A single-stage, centrifugal compres- 
sor was chosen on account of the limi- 
tations on compressor pressure ratio 
imposed by the hand starting require- 
ment. The influence of size effects, 
including those of Reynolds Number 


and leakage, and the necessity for hold- 
ing weight to a minimum, also influ- 
enced this choice. Similar factors, as 
well as the need for simplicity and low 
manufacturing costs, dictated the use 
of a radial inflow turbine. 
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At first it appeared desirable to con- 
struct the compressor and _ turbine 
rotors as a single integral part, with 
compressor and turbine blades situated 
on opposite sides of a common disc. 
However, consideration of the follow- 
ing points resulted in a decision to use 
separate rotors: 


1. High disc stresses would re- 
sult from an integral construction, 
particularly if disc thickness at the 
outer circumference were sufficient 
to form an air seal between the com- 
pressor and turbine areas. 

2. Turbine heat would be trans- 
ferred to air passing through the 
compressor in significant amounts, 
and would result in poor compressor 
performance. 

3. Separation of the two rotors 
gives greater freedom in selection of 
materials, and a consequent saving 
of strategic alloys. 

4. Machining time is considerably 
reduced by separation of the rotors. 


5. Separating the rotors greatly 
facilitates development of the tur- 
bine and compressor components. 


As illustrated in the section diagram 
(Figure 1), the two rotors are sepa- 
rated by approximately 0.5 inch, meas- 
ured at the hub. They are mounted on 
the shaft adjacent to the roller bearing 
in a cantilever arrangement. At rated 
speed of 40,300 rpm., the peripheral 
speeds of the 6.97-inch compressor rotor 
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and 7.42-inch turbine rotor are 1220 and 
1300 fps. respectively. 


The modified elbow-type combustion 
chamber was selected chiefly to con- 
serve space. It was recognized at the 
time that extensive development would 
be needed on this part in view of the 
sparse design and operating data avail- 
able. 


For maximum simplicity, the reduc- 
tion of turbine speed to the pump speed 
requirement was accomplished by a 


single spiral bevel gear and pinion, 


providing right-angle drive. 


The arrangement of components is 
illustrated in Figure 2. The envelope 
dimensions of the set are: length, 267% 
in.; height, 2314 in.; width, 237% in. 
The dry weight, less fuel and tanks, 
is 165 lIbs.; fuel for one hour’s sus- 
tained operation, with tanks, weighs 
112 Ibs. additional. 


PERFORMANCE 


The following chart reflects operating performance of the power plant during 


an actual test in the shop: 


Compressor inlet air temperature. . 
Compressor pressure ratio......... 
Compressor efficiency 
Combustion efficiency 
Turbine efficiency ................ 


COMPRESSOR ROTOR f 
AIR INLET. 
| 
EA TURBINE ROTOR 
TAILPIPE 
a 
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Compressor discharge 316 F 
Turbine inlet temperature 1142 F. 
Tailpipe temperature (without cooling)................. 900 F. 
Pump: discharge’ pressure .. 103 psi. 
Other test runs were conducted to 

determine maximum power absorbed a 

by the water pump with the discharge ft xh 

lines wide open and with minimum 

suction at the pump inlet. Test results ae 6 

were 770 gpm. at 82 psi., which is 

equivalent to 57 shp. Turbine inlet . 

temperature increased to 1275° F. with g . 

a 6% decrease in fuel consumption, 3 st 

giving an sfc. of 2.1 p./hp.-hr. Turbine va 

speed was held approximately constant 5 if 

during all test runs. 3 

Figure 3 shows the fuel flow and 

shaft horsepower relationship in 80° 

F. ambient temperature. Increasing 

ambient up to 120° F. causes sfc. to 

increase by approximately 4% maxi- 

mum. Ficure 3. 

COMPRESSOR 


The centrifugal type compressor 
rotor is machined from a 25ST alumi- 
num alloy forging. Blade leading edges 
are shaped to serve as an inducer. Both 
the turbine and compressor rotors are 
mounted back-to-back, with a seal plate 
between, on a common shaft which 
extends through the center of the com- 
pressor scroll and air inlet casing. A 


nine-blade, stainless steel compressor 
diffuser is bolted to the scroll. Com- 
pressor air is discharged through a 
bellows-type expansion joint to the 
combustor inlet. A butterfly valve in 
the scroll outlet provides a means of 
creating a low velocity area in the 
combustor during starting to facilitate 
ignition. 
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COMBUSTOR 


Between the compressor scroll out- 
let and the turbine scroll inlet is a 
modified elbow-type combustion cham- 
ber, formed from Type 321 stainless 
steel in order to conserve critical ma- 
terials. As shown in Figure 4, it dif- 
fers from the normal gas turbine com- 
bustor in that there is no liner, but 
only a short, flared, dome-shaped flame- 
holder set in the turbine scroll opening. 
An 8.3 gph., 80-degree spray angle 
Monarch nozzle admits fuel to the air- 
stream through the flared skirt of the 
dome. An aircraft spark plug, set just 
below the skirt, initiates combustion, 
which is held inside the dome or flame- 


holder. 

Much cut-and-try development was 
required to obtain efficient combustion 
with Diesel fuel under the space and 
weight limitations. Six different con- 
figurations were fabricated and tested. 
Almost all of the evils associated with 
combustor design, such as poor effi- 
ciency, carbon accumulation, smoke, 
combustion instability, and hot spots, 
were met and overcome before the 
final design was evolved. The resultant 
configuration gives a pressure loss and 
combustion efficiency which compare 
favorably with can-type combustion 
chambers now commonly in use. 
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TURBINE 


As previously mentioned, the radial 
inflow turbine rotor is mounted on the 
shaft with the compressor rotor. Its 
blades are shaped to form an exducer 
in the same manner that the com- 
pressor blades are shaped to form an 
inducer. The rotor is encircled by the 
turbine scroll and nozzle, and a short 
tailpipe is centered behind the rotor 
hub. No exhaust diffuser is used, but 
a means is provided for cooling the 
exhaust gases, which will be described 
later. Hot gases pass from the com- 
bustor into the turbine scroll and are 
directed angularly inward by the tur- 


bine nozzle blade contour. Thence they 
whirl farther inward through the rotor 
and turn to exhaust axially through 
the tailpipe. 

A Hastelloy B forging was chosen 
for the turbine rotor. This alloy con- 
tains no cobalt or chromium, it mini- 
mizes thermal distortion by its low 
coefficient of expansion in comparison 
with other high-temperature | alloys, 
and is an excellent casting material. 
The rotor on the prototype model was 
machined, but future rotors will be 
investment cast in order to hold down 
manufacturing costs. 


BEARINGS 


Anti-friction ball bearings are used 
exclusively in the power plant, and 
since the pump impeller is mounted on 
the speed reducer output shaft, there 
are no bearings in the pump. Two 
main bearings support the turbine shaft 
in the air inlet housing. A matched 
pair of angular-contact ball bearings 
are located on the power output end 
of the shaft to take approximately 92 
pounds of pinion gear thrust, and a 
single roller bearing is installed on the 
rotor end. Radial grooves cut in the 
mating surface of the outer races pro- 
vide for pressure lubrication of the 
ball bearings. Oil from the pump passes 
through these grooves into the inner 
races. At the high operating speed of 


the main bearings, air-oil mist is 
formed in sufficient volume to lubricate 
the roller bearing also. 


The main or output shaft of the 
speed reducer is supported in a double- 
row thrust ball bearing and a single- 
row ball bearing. Accessory drive gear 
shafts and the gear-type oil pump 
shafts are each borne in single-row 
ball bearings. Lubricating oil is di- 
rected through a jet nozzle against the 
out-of-mesh point between the input 
bevel gear and pinion. The high speed 
of the pinion here also causes air-oil 
mist to form and to maintain ample 
lubrication of the other bearings in the 
gear housing. 


REDUCTION GEAR AND ACCESSORY DRIVE 


Speed reduction between the 40,300 
rpm. power unit and the 4428 rpm. 
water pump is accomplished by a 9.1 
to 1 spiral bevel gear and pinion com- 
bination as shown in Figure 6. The 
pinion is secured to the turbine shaft 
where it extends into the gear housing, 
and meshes with the driven gear 
mounted on the speed reducer output 
shaft. The turbine axis is thus at a 
right angle to the output shaft. The 
pump impeller is mounted on one end 
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of the latter, in the pump housing. 
The starter sprocket and clutch are 
mounted on the other end of it. Spur 
gears and a pinion on the output shaft 
drive the fuel pump and governor, oil 
pump, and overspeed shut-off valve. 
Gears, shafts, and bearings are en- 
closed in the gear housing, which also 
forms the lubricating oil reservoir and 
sump. The housing is supported be- 
tween the drive end of the turbine and 
the water pump housing, with the oil 
pump and filter attached to it. 


PLUG 


T-45 POWER PLANT 


7-gallon tanks. During operation the 
tanks are mounted on the tubular 
frame of the unit above the turbine 
tailpipe. Each tank is connected to a 
fuel manifold on the control panel by 
a short hose and self-sealing coupling. 
Fuel system arrangement is illustrated 
in Figures 2 and 5. When the turbine 
is in operation, fuel flows from the 
manifold through the fuel filter, over- 
speed shut-off valve, fuel pump and 
governor to the throttle valve and then 
to the fuel nozzle. At starting, only 
the right-hand tank can be used, as the 
left-hand tank covers the butterfly 
valve which is essential to starting 
procedure. After the start, however, 
either or both tanks can be connected. 
The self-sealing couplings allow either 
or both tanks to be replenished during 

Fuel for one hour’s sustained opera- operation without interruption of fuel 
tion at full load is contained in two flow. 


FUEL SYSTEM 
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T-45 POWER PLANT 


LUBRICATION SYSTEM 


A gear-type oil pump with integral 
pressure relief valve draws lubricating 
oil from the reservoir, pressurizes it to 
a constant 20 psi., and delivers it at 
0.75 gpm. to the turbine and reduction 
gear bearings. Scavenge oil passes by 


IGNITION 


Ignition is required only momentarily 
during the starting cycle. A magneto 
and spark plug are used to ignite the 
fuel-air mixture when the turbine has 
accelerated to approximately 4500 rpm. 
The magneto is equipped with a 
sprocket drive, connected by chain to 
a sprocket on the handcrank shaft. At 
4500 rpm. turbine speed, the magneto 
is rotating at a speed capable of de- 
livering sufficient ignition current to 


ACCESSORIES 


A simplified control system governs 
sustained operation once the T-45 start- 
ing cycle has been completed. Exclusive 
of the fuel and oil supply systems previ- 
ously covered, only three accessories and 
five instruments are used. The control 
system maintains rated turbine and pump 
output under varying ambient tempera- 
ture conditions and during load changes 
resulting from the opening and closing 
of additional hose nozzles. It also pro- 
tects the equipment from overspeeding 
due to loss of prime, cavitation, or mal- 
function. This is automatically accom- 
plished without attention from the 
operator. In addition, the system indi- 
cates fuel, lube oil, and water pump 
discharge pressures at all times. The 
location and inter-connection of con- 
trol components is brought out in 
Figures 2 and 5 and the function of 
control components is given below.: -, 


The fuel pump is a gear-type unit 
driven off the reduction gear. Its nor- 


gravity back to the reservoir. A mag- 
netic clean-out plug in the reservoir 
accumulates metal particles, and a 
micronic filter is installed on the pump 
outlet line. 


SYSTEM 


the spark plug. After ignition, crank- 
ing is continued until a speed of 11,000 
to 12,000 rpm. is reached, at which 
time the engine becomes self-sustaining 
and accelerates further under its own 


* power. The handcrank chain drives 


through an overrunning clutch at the 
reduction gear box, which precludes 
the turbine from driving the hand- 
crank chain and shaft. 


AND CONTROLS 


delivers 55 gph. of fuel to the gov- 
ernor inlet (approximately three times 
the maximum requirement of the 
power plant). A booster pump is not 
needed at starting or otherwise. 


The governor, mounted on and 
driven by the fuel pump, is a droop or 
proportional control type. After the 
start it regulates fuel flow to maintain 
turbine speed at 40,300 rpm., and by- 
passes excess fuel back to the pump 
inlet. A minimum flow valve always 
assures enough fuel to prevent loss of 
combustion, even with the governor 
bypass wide open at extreme over- 
speed. 

The overspeed fuel shut-off valve, 
driven off the reduction gear, is a 
spring-loaded, flyweight-actuated shut- 
off in the fuel line between the ‘tank 
and the pump. It is opened mafitially 
prior to the start and held open by a 
latch. Ifthe turbine overspeeds, the 
flyweight releases the latch “and the 


mal rating is 3250 rpm., at which it spring moves''the valve élosed: “"” 
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The exhaust temperature indicator, 
mounted on the control panel, is wired 
to a chromel-alumel thermocouple in 
the tailpipe and registers exhaust gas 
temperatures at all times. 


sure gages indicate outlet pressures of 
the three pumps. 


The tachometer indicator is con- 
nected to the reduction gear output 


shaft and indicates pump _ impeller 
The fuel, lube oil, and water pres- speed. 
STARTING 


So far as is known, the T-45 is the 
first gas turbine ever built which is 
started by hand. Careful thought and 
effort were expended on design fea- 
tures which would minimize the exer- 
tion necessary to bring the turbine up 
to speed by hand cranking. The feasi- 
bility of the method was in doubt until 
the mechanism was actually con- 
structed and tried. It proved to be 
practical, however, and the main con- 
tributing factors are as follows: 


First, a moderate pressure ratio was 
selected, because normally the lower 
the pressure ratio of a gas turbine 
engine, the lower the speed at which it 
becomes self-sustaining and the less 
effort is required to crank it. Another 
factor in choosing a pressure ratio 
lower than ‘those possible with this 
type wheel and reasonable efficiencies, 
was a design compromise forced by 
limiting turbine tip speed to an accept- 
able value for the material strength 
at the turbine operating temperature. 


Second, mechanical losses were 
avoided by eliminating bearings where 
possible, and using anti-friction type 
where bearings were essential. 


It was assumed during initial design 
that hand starting would be signifi- 
cantly aided by the use of a manual 
butterfly valve in the compressor dis- 
charge. This valve would. be closed, 
taking pumping load off the com- 
pressor, during acceleration up to igni- 
tion speed, and then opened for the 
balance of the cycle. In practice, how- 


ever, this effect was found to be of 
little help, although the valve was 
retained to insure positive ignition at 
all times. 


The chain and sprocket arrangement 
between handcranks and pump shaft, 
with the gear-and-pinion pump-to- 
turbine connection, provides an 81 to 1 
speed increase in the starting train, 
and leads to a practicable torque on 
the cranks during accelerations. When 
turbine speed exceeds crank input 
speed, a Formsprag overrunning clutch 
on the pump shaft disengages the 
starting device. 


To clarify this unconventional start- 
ing method, a simplified step-by-step 
sequence of starting operations is 
added below. 


1. With the butterfly valve closed, 
cranking is started and continued until 
pump speed reaches 500 rpm. Then 
the throttle is opened. 


2. At this speed the magneto is de- 
livering ignition current to the spark 
plug, and combustion commences. The 
butterfly valve is opened immediately. 


3. Cranking is continued, with 
throttle adjustments made manually to 
keep turbine exhaust temperature with- 
in the specified starting range, until 
1200 rpm. pump speed is reached. 


4. From this point on the engine is 
self-sustaining, and with continued 
throttle adjustments per (3) it will 
accelerate up to governed speed with- 
out cranking. 
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EXHAUST COOLING 


Because exhaust gases from the. tur- 
bine cannot always be directed away 
from working areas and surrounding 
structure when operating the fire pump, 
the turbine tailpipe is equipped with a 
cooling device. This consists of a 


EJECTOR AND 


Evacuation of air from the pump 
and suction line is accomplished by an 
ejector type primer on the pump hous- 
ing, shown in Figure 7. When the 
pump is at normal speed, opening the 
ejector allows compressor discharge 
air to flow through the ejector valve 
and aspiration chamber to atmosphere; 
this draws air from the suction line 
and creates a vacuum sufficient to raise 
water up to the pump impeller. With 
a 21 psig. discharge air pressure (nor- 
mal speed), a suction of 23.25 in. Hg. 
is created. During factory tests the 
pump was put in operation at full 
capacity by this primer in 45 sec., using 
a 4-in., 30-ft. long suction line with a 
16-ft. lift. As an alternative, hand 
priming can be accomplished with the 
pump at rest by pouring water into 
the housing with a hose or bucket until 


OPERATING 


Final shop testing of the T-45 was 
begun in January 1950. Initial no-load 
starts were made with battery ignition, 
using gasoline for fuel. After a proper 
sequence of starting operations was 
established, magneto ignition and 
Diesel fuel were used. The only dif- 
ference in operation noted from this 
change was a slightly slower accelera- 
tion below 20,000 rpm. Above 20,000 
rpm. there was no appreciable dif- 
ference. 


After several no load speed runs were 
completed to check temperatures and 


hollow cone type, non-clogging spray 
nozzle in the tailpipe which introduces 
water from the pump discharge into the 
exhaust stream at about 3 gpm. Exhaust 
temperature is held down to 350-400° F. 
by this method. 


HAND PRIMING 


PRIMER 
AIR a LEVER DEPRESSED 


PRIMARY NOZZLE RATION 


Fie. 7 


the suction line is filled. A valve in 
the pump outlet provides an orifice for 
this type of priming. 


EXPERIENCE 


proper functioning of controls and ac- 
cessories, full load tests were begun. The 
data obtained on the first full load run 
was substantially as given in the forego- 
ing discussion of performance. Through 
the following weeks all components 
were checked and tested. The power 
plant was disassembled 15 times for 
inspection; repairs, and minor changes. 
In all, 278 starts were logged with a 
total operating time of 38.3 hours, 11.8 
hours of which were at loads ranging 
from 7 to 125% of rated load. The fol- 
lowing data were taken on one of the 
final runs. 
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T-45 POWER PLANT 


Turb Turb. 
Amb. Inlet Exh. Pump Pump 
Turbine Temp. Temp. Temp. low, Press, Suction SFC 
rpm. deg. ( avg. ) deg. gpm. psi. in. Hg. HP. . php.-hr. 
40,000 73 1192 950 527 109 —1.0 48.3 2.38 
39,400 77 1217 1000 750 80 —19.5 50.0 2.32 
40,000 7 1275 1045 769 82 —-20.0 57.2 2.10. 


These data show that an 83 deg. F.: 
increase in turbine inlet temperature 
results in an 18% increase in power 
output and an 11% decrease in specific 
fuel consumption. From this it can be 
foreseen that future development toward 
higher average turbine inlet tempera- 
ture will give greater power and effi- 


ciency without change in overall size 
and weight. The present design limit of 
1300° F. maximum turbine inlet tem- 
perature, based on the use of non- 
critical materials, could be raised sub- 
stantially by employing critical: high- 
temperature alloys, or by turbine wheel 
cooling. 


TREND OF FUTURE DEVELOPMENT 


Since this small gas turbine prime 
mover has performed successfully in its 
first application, it appears logical to 
expand its potentialities with respect to 
improved performance. A feature to be 
improved in virtually every small gas 
turbine is the relatively high specific 
fuel consumption which becomes espe- 
cially apparent during long continuous 
operating periods by canceling the 
weight advantage of the basic engine. 
Several methods present themselves, the 
most obvious being improvement in tur- 
bine and compressor efficiencies. This 
improvement is of an evolutionary na- 
ture and continues as long as there ex- 
ists a demand for the engine. The more 
difficult methods of: achieving better 
performance are those which are com- 
mon with larger gas turbine plants and 
which have received discussion in tech- 
nical papers throughout the world. Be- 
yond the raising of operating tempera- 
ture and pressure, these remedies consist 
of the addition: of external. heat ex- 


changers and supplementary. burners. 


such as are used for reheat. 


The field of turbine cooling mentioned 
above under Operating Experience ap- 
pears to be especially attractive for 
marine units since liquid cooling does 
not impose the critical weight problem. 
normally associated with aircraft in- 
stallations. In the cooling of gas tur- 
bines two philosophies can be followed; 
the first, that which eliminates or at 
least minimizes the use of high tem- 
perature alloying agents with no sacri- 
fice in performance, and, second, that 
which permits gas turbine operation at 
the stoichiometric ratio with the attend- 
ant high temperatures utilizing present 
materials. Ideaily speaking, the goal is 
to operate gas turbine marine plants at 
extremely high temperatures using 
nothing but common, uncritical mate- 
rials. While it is recognized that this 
goal is unattainable in the immediate 
future, every step toward its achieve- 
ment represents an improvement which 
can be translated directly into terms of 
improved gas turbine performance.. 
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LIFE 


The question of total service life and 
operational periods between minor over- 
hauls is one which is highly important 
in any new engine development. At the 
present time, there is insufficient data 
from which definite life characteristics 
can be determined. However, the de- 
sign life goal of at least 500 hours total 
operating time with 50 hours minimum 


OTHER POSSIBLE 


Typical applications in addition to 
that described above include the fol- 
lowing: Automotive-mounted fire-fight- 
ing equipment, light-weight portable 


time between replacement of the com- 
bustion chamber liner or bearings ap- 
pears to be reasonable and should be 
achieved without difficulty. This state- 
ment is, in the opinion of the authors, 
a safe one in view of the relatively low 
operating temperatures of the turbine 
rotor. 


APPLICATIONS 


generator sets, superchargers for Diesel 
engines, portable space heaters, salvage 
pumps, compressor drives, engine start- 
ers, and fuel transfer pumps. 


CONCLUSIONS 


In addition to the aforementioned ap- 
plications, numerous industrial uses for 
the T-45 are apparent. The present spe- 
cific fuel rate points toward service of 
an emergency nature where each run 
is of relatively short duration. For ex- 
ample, immediate use as generator drive 
in emergency circuits of. hospitals and 
merchant ships plus emergency com- 
pressor drive in small freezing plants is 
suggested. 


As usage widens, the unit cost will. 


become comparable to other prime 
movers of the same horsepower. It is 
expected that maintenance: and spare 


i 


parts requirements will eventually be 
lower than for reciprocating internal 
combustion engines. Some changes will 
continue to be made to the T-45 but 
these consist largely of refinements in 
the interests of production facilitation 
and lowered cost rather than basic de- 
sign revisions. 


The advantages mentioned above, 
coupled with the widely publicized in- 
herent gas turbine characteristic of 
multiple fuel adaptability make the T-45 
gas turbine engine a promising entry in 
the field of successful prime movers. 
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RUBBER HOSE USED BY THE NAVY 
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INTRODUCTION 


The use of rubber and rubber-like 
materials on Naval vessels is seldom 
recognized in the true light of its im- 
portance since it is but a small part of 
the ship with respect to cost and weight. 
As indicated by Werkenthin, Bukzin, 
Greenleaf, and Levene, “Some Uses of 
Rubber in Naval Vessels,” JoURNAL OF 
AMERICAN Society NAVAL ENGINEERS, 
Volume 62, No. 4, November 1950, its 
use is varied and valuable. Rubber hose 
used in our Navy is a general title for 
many applications of basically different 
equipment as will be discussed herein. 
There are only about eight basic types 
of construction of rubber hose in pro- 


duction. in the rubber industry today, 
which, with slight modifications, are 
used in various applications. Variations 
within these constructions are almost too 
numerous to mention and are used as 
the intended service requires. Just about 
all of these types are used by the Navy 
in its air, ship, and shore operations in 
one form or another. It must be pointed 
out that with very few exceptions, the 
various hoses used were developed by 
the industry. This follows, since hose 
production involves highly specialized, 
complicated and expensive equipment as 
well as highly skilled artisans and 
designers. 
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HOSE TYPES 


Among the many types of hose used 
by the Navy are several peculiar to it. 
They include hose for submarine rescue 
chamber service, for diving operations, 
for spraying hot plastic paint to ship 
bottoms, for salvaging ships and pump- 
ing out flooded compartments, for fuel- 
ing at sea, etc. 


The various types may be generally 
differentiated by the difference in con- 
struction and manufacture as follows: 


(a) Mandrel built, plied and wrapped. 
The inner tube is applied over a mandrel 
either by lapping a sheet of material or 
by applying an extruded tube over the 
mandrel. The carcass or strength mem- 
ber of the hose is developed by applying 
rubber impregnated cloth (usually cot- 
ton duck or rayon) cut on the bias in 
sufficient plies to develop the burst 
strength desired. The rubber cover is 
then applied over in a manner similar 
to the tube. The whole assembly is then 
wrapped under tension with a cotton 
tape which has been wetted with water. 
The mandrel and hose assembly is then 
placed in a heater and vulcanized at a 
temperature ranging from 275°F to 
about 350°F. The tape dries out and 
shrinks thus developing a pressure on 
the hose and knitting the mass of tube, 
impregnated cloth, and cover together. 
After cure is complete, the tape is re- 
moved and the hose is literally blown 
off the mandrel with compressed air. 
The cotton tape fabric impression may 
be observed for hose of this type. 


(b) Mandrel built, braided, and 
wrapped. The technique is the same as 
(a) above except that the carcass con- 
sists of one or more braids of cotton, 
asbestos, wire or rayon fibres or com- 
binations of these materials. The ad- 
vantage of this hose lies in lighter 
weight and speed of production. It in- 
volves the use of very costly and com- 
plicated braiders. 


(c) Lead press cured. Hose made 
for lead press cure is usually made for 
large volume consumption. The tube is 
extruded from a reasonably “stiff” com- 
pound so that the carcass can be braided 
or woven around it without collapsing 
it. The cover in turn is extruded over 
the carcass. This is a continuous process 
which carries the hose to the lead press 
where lead is fitted as a jacket around 
the hose cover from a molten state. 
As it leaves the lead press the hose is 
reeled up to the desired length and cut. 
The hose is filled with water through 
suitable fittings and placed in a steam 
autoclave. The water is kept under pres- 
sure and thus expands the whole assem- 
bly against the lead cover while the 
heat effects a cure. Hose cover designs 
are applied to hose made in this fashion 
as may be observed on most gorden 
hose used domestically. 


(d) Wire reinforced smooth bore 
mandrel built hose is usually manufac- 
tured in large diameters for suction or 
suction and discharge service. Its manu- 
facture is essentially the same as (a) 
above except: that one or more wire 
helices aré built into the carcass plies 
to add the required strength for suction 
working and/or discharge pressures. 
This hose is essentially hand built and 
quite expensive. Nipples to which 
couplings or flanges may be threaded 
are generally built into the ends of such 
hose. The wire or wires serve for static 
grounding and are bound and brazed 
onto the nipples in an intricate manner 
for strength at this point. 


(e) Wire reinforced rough bore man- 
drel built hose is manufactured essen- 
tially in the same manner as (d) above 
and for essentially the same service. It 
differs in that, in lieu of the initial 
application of rubber tube over the man- 
drel, a wire helix is installed and a 
rubbet treated cloth breaker is applied 


over it before subsequent plies of rubber, . 
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fabric, wire, etc., are applied. Its cost 
is somewhat less than (d) and can be 
made somewhat faster. Pressure drops 


_are greater, however, due to addi- 


tional turbulence created by the inner 
wire helix. 


The built-in nipples are generally used 
with hose of this kind as well as for 
4” I.D. sizes and larger. 


(f) Wire braid mandrel built hose 
consists of a tube either lapped or ex- 
truded over a mandrel of the desired 
inside diameter of the hose. One or 
more layers of wire is braided over the 
tube with rubber layers separating the 
braids. A rubber cover is applied over 
all and a “wrapped” cure in a heater 
follows. Such hose is usually limited in 
inside diameter to less than one inch. 
It is designed for very high internal 
working pressures as are encountered 
in hydraulic lines, grease lines, CO, 
fire extinguishers, etc. 

(g) Loomed (fire) hose is generally 


made by looming one to three cotton 
jackets to be pulled over a rubber lapped 


or extruded tube already installed on a 
suitable mandrel. The jacket(s) are 
wetted down and serve in lieu of wrap- 
ping when placed in the heater to effect 
a cure of the rubber tube. 


(h) Mandrel built spiral wound and 
wrapped hose is of relatively recent de- 
sign and involves spiralling up to four 
layers of cord over a tube applied to a 
mandrel. This hose has been spliced 
into 2000-foot lengths from standard 
fifty-foot lengths. It is lightweight hose 
which can be made in large diameters 
at high speed but is limited to discharge 
service only. 


The above represent the major hose 
types, variations and combinations of 
which are not uncommon. Except as 
indicated for the heavy large diameter 
hoses, fittings are applied after the hose 
is cured. The type of fitting used de- 
pends on the expected service as well as 
the hose construction and competition. 
The subject of fittings involves much 
more than this paper will attempt to 
cover. 


APPLICATIONS 


Submarine rescue chamber hose was 
designed for air supply to and venting 
from the rescue chamber. The supply 
hose has a one-inch inside diameter 
and utilizes a bias wrapped construction 
with no wire reinforcement. The vent 
hose is one and one-quarter inches in 
inside diameter and utilizes a wire helix 
reinforcement to resist collapse. The 
verit hose tends to collapse since it is 
under atmospheric pressure internally 
and may be at a depth of some 1200 
feet. Navy Department Specification 
33H5 requires that this hose show no 
more than a 30% reduction in inside 
diameter when subjected to a 600-pound- 
per-square-inch hydrostatic crushing 
pressure. The retention of air in the 
supply hose at this same pressure offers 
a difficult problem of overcoming leak- 


age from the standpoint of an industrial 
hose length inspection test which will be 
discussed later in this paper. 


Divers Air Hose. Divers hose, in 
accordance with Navy Department 
Specification 33H9 in one-half inch 
inside diameter and of a bias wrapped 
construction is fraught with similar 
leakage problems, but again we are 
dealing with high air pressures. The 
problem is far more acute here, how- 
ever, since divers will object to even 
the sight of air bubbles that may cling 
to the hose cover. Yet, their feelings on 
such matters cannot be disputed particu- 
larly since burst failures have occurred. 


Hot Plastic Paint Hose. This hose is 
essentially peculiar to Naval use in that 
it conveys the hot plastic anti-fouling 
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RUBBER HOSE 


paint from the heating vessels to the 
spray nozzle for application to ship bot- 
toms. It is procured in accordance with 
Navy Department Specification 33H26 
as it is necessary to keep the paint at 
about 250°F. This is done by special 
fittings attached to each end of the hose 
length to which is attached a heating 
wire element strung through the bore 
of the hose. The electrical circuit is 
completed by a wire taped to the outer 
cover of the hose. Incidentally, this is 
the one hose we specify to be made with 
a glass fibre reinforcement. 


Salvage Hose. Salvage hose in ac- 
cordance with Navy Department Speci- 
fication 33H30 was developed for use 
in the salvage of many ships that were 
put out of commission during the Pearl 
Harbor incident. This hose is very 
similar to rough bore oil suction and 
discharge hose, but is designed for addi- 
tional flexibility required to snake it 
through hatches and man holes to 
flooded compartments. 


Fueling Hose. Light weight, large 
diameter oil and gasoline suction and 
discharge hose for fueling at sea in- 
cluded both rough and smooth bore 
types. As a result of several full-scale 
pumping tests, the detailed data of 
which are published, Werkenthin, James 
and Morris, “Comparison of the Carry- 
ing Capacities of Rough and Smooth 
Bore Oil Suction and Discharge Hose 
Under Simulative Service Conditions,” 
“Rubber Age,” September 1947, and 
Kaufman, R. E., “Flow Tests ,Through 
Fueling Oil Hose,” “The Petroleum 
Engineer,” November 1949, rough bore 
fueling hose in accordance with Navy 
Department Specification 33H4 has 
been largely discarded due to the im- 
proved efficiency of the smooth bore 
type. The latter may be procured in 
accordance with Navy Department 
Specification 33H17 for extra heavy 
duty and 33H21 for normal service. 
Should the emergency become acute, 
procurement of rough bore hose may be 


resumed due to the greater ease of man- 
ufacture and the smaller quantity of 
rubber used in its construction. 


Long Length Fueling Hose. Such 
hose involves a new experimental tech- 
nique of transferring fuel from ship to 
shore utilizing continuous lengths of 4” 
discharge hose as much as two thousand 
feet long. This 4-ply spiral cored hose 
is made with vulcanized flexible splices 
between each conventional 50-foot 
length. It may be of interest to know 
that recognition has been made of con- 
tamination to fuel by hose tube material. 
As a result of a detailed study of com- 
pounding ingredients, the contaminants 
were determined to be the various phos- 
phate plasticizers. These phosphates 
react with the tetraethyl lead additives, 
thus reducing the octane rating of the 
gasoline. A method for identifying the 
presence of phosphate plasticizers has 
been incorporated into all our fuel hose 
specifications to assure that these plas- 
ticizers are not used. 


Steam Hose. A major service de- 
ficiency in most commercial steam hose 
has been noted in hose advertised for 
use with 200-pound-per-square-inch 
saturated steam. Such hose used in our 
shipyards serve as a flexible connection 
from the shore stear: plant to ships’ 
piping systems when the latter are tied 
up at docks. It is used for heating these 
vessels in the winter and for cooking 
and cleaning, as well as to warm up 
engines and run auxiliary machinery. 
The hose in question is usually sub- 
jected to rough treatment. Such treat- 
ment may involve water hammers 
formed by condensation in a loop of 
the hose as it dips into the water be- 
tween the dock and ship when the 
former is flooded. It is required to 
convey steam continuously at a pressure 
as high as 170 p.s.i. from 90 to 100 
days. Failure has occurred in as short 
a time as four hours and with the ex- 
ception of two manufacturers’ products 
which utilize braided wire and asbestos 
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constructions, failures generally occur 
in seven to thirty days. 


Paint and Dope Spray Hose. This 
hose is used in large quantities by the 
Navy and is specifically designed for 
dope and paint spray application. It 
utilizes a Thiokol tube to resist lacquer 
and paint thinners and probably is the 
only hose manufactured with this type 
rubber today. Navy Department Speci- 
fication 33H19 under which this was 
procured has been superseded by Federal 
Specification ZZ-H-521. 


Fire Hose. The Navy uses conven- 
tional double-jacketed fire hose in enor- 
mous quantities, particularly the 2%- 
inch size in accordance with Federal 
Specification ZZ-H-451. Its service life 
does not usually compare well with that 
obtained by civilian fire departments. 
It has been determined that civilian fire 
departments carefully clean and dry 
their hose after each operation. Like- 
wise, they maintain the hose under care- 
ful storage conditions which are not 
always feasible for us. Accordingly, 
difficulty has been experienced with 
mildewing of the cotton jackets of fire 
hose used by the Navy. As a result, our 
fire hose rarely lasts more than five 
years, and sometimes lasts as little as 
six months in some of the hot humid 
areas of the world, as compared with a 
life of 10 to 20 years for civilian fire 
departments. 


Sand Blast Hose. Sand blast hose is 
used in large quantities at our shore 
establishments. It is procured under 
Navy Department Specification 33H24, 
and it is not too unlike that in com- 
mercial service. The difference is in its 
material requirements that specify syn- 
thetic rubber in lieu of pure gum natural 
rubber tubes. 


Other Hoses. Other hoses used by 
the Navy are'of a more conventional 
type. They include fire extinguisher 
hose which utilizes a wire braid con- 
struction; pneumatic and welding hoses 


which utilize both wrapped and braided 
constructions; and gasoline discharge 
and_ suction-and-discharge hose pur- 
chased for all three services under the 
same specifications for the past several 
years. The latter is largely manufac- 
tured using the Chernak loom process. 
Self-sealing fuel line hose and high 
pressure hydraulic hoses used in Naval 
aircraft are the same as those used by 
the Air Force. 


General Developments. After several 
years of detailed inspection of ships 
putting-in to various shipyards by Navy 
laboratories’ personnel, we have recog- 
nized the need for a requirement for a 
high grade neoprene cover for all rub- 
ber covered hose. Neoprene is particu- 
larly resistant to weathering and abra- 
sion when properly compounded. This 
need stems from the breakdown of hose 
covers by abrasive wear as well as ozone 
and sunlight cracking and crazing. Ad- 
mittedly, the handling and stowing tech- 
niques used by operating personnel do 
not always lend themselves to increasing 
the longevity of the life of rubber hose. 
Instructions for overcoming this prob- 
lem have been of little or no avail. 
In order to repair cracked and chipped 
hose covers, advantage was taken of a 
liquid polymer polysulfide rubber com- 
pound early in the development of these 
materials by the Thiokol Corporation. 
A paste-like, self-curing compound was 
designed for making repairs to such 
rubber hose covers. However, little 
success was obtained in getting the 
forces afloat and ashore to use this 
material despite the simplicity of its 
application. 


With respect to the air leakage prob- 
lem on divers’ hose and submarine res- 
cue chamber supply hose mentioned 
above, a means of inspecting each 
length of hose at the factory to insure 
satisfactory service is required. Hydro- 
static tests are not adequate, particularly 
where small hard foreign matter in- 
clusions may be present in the tube. 
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Such particles may be in the form of 
contaminants found in smoked sheet 
bales where hevea rubber is used or 
those picked up in the milling and calen- 
dering operations in the rubber factory. 
Likewise, thin spots caused by stretch- 
ing on mandrels may reduce the effec- 
tiveness of the tube to retain the air. 
The Bureau of Ships is engaged in try- 
ing to develop a test that might be 
successfully used in the factory. This 
may consist of an air test with suitable 
safety precautions to eliminate possible 
injury to testing personnel and will also 
limit delays in delivery. The possibility 
of a high voltage electrical test for 
finding flaws in the hose tube is likewise 


under serious consideration. In all prob- 
ability, the specifications resulting from 
this work will require a foolproof test 
and probably will specify an increased 
tube thickness and preclude the use of 
Hevea (natural rubber) stocks. 


Summary. In summary, this paper 
attempted to briefly describe some uses 
the Navy has for the various types of 
rubber hose. These types encompass all 
the major hose construction and manu- 
facturing techniques. Some of the im- 
mediate needs and programs have been 
mentioned to point up how applied re- 
search and development has and will 
continue to be of prime importance in 
this field. 
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THE WAVE DRAG OF SHIPS 


MAX OTTO KRAMER 


THE AUTHOR 


was born on the 8th of September 1903 in Koeln, Germany, graduated in April 
1926 as electronic engineer at the technical college, Muenchen, and received his 
doctor-diploma at the technical college, Aachen, in June 1931. 

By the time of his doctor promotion, he switched from electronics to aero- 
dynamics, was assistant at the aerodynamic institute of the technical college, 
Aachen, and joined after that the German Institute for Aeronautics, Berlin, 
where he finally headed the aerodynamic institute. 

Being an expert in certain aerodynamic fields, the American Navy requested 
him for work in the United States after the war. Since then he has been working 
at the Naval Air Development Center, Johnsville, Pa., for almost five years. 


INTRODUCTION 


Any slender body traveling far below 
the water surface has practically zero 
form drag. The remaining drag is due 
to friction of the fluid on the body’s 
hull and can easily be calculated with 
sufficient accuracy. 

If the body is partly submerged, the 
dynamic pressure along the hull raises 
and lowers the water surface about the 
body. The energy consumed for the 
raising and lowering of the water sur- 
face is usually lost since it is converted 
into wave energy and emitted in all 
directions over the water surface. Since 
energy is lost, there must be a cor- 


responding drag on the body. This drag, 
due to wave generation on an originally 
smooth water surface, is called wave 
drag. 


As far as the author knows, the litera- 
ture dealing with the wave drag of ships 
offers nothing but empirical formulas, 
while the theoretical solution of the 
problem is considered hopelessly com- 
plex. The following derives a simple 
formula from a theoretical considera- 
tion and checks its value by comparison 
with official data of ships of the United 
States Navy. 
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WAVE DRAG OF SHIPS 


THE CALCULATION OF THE WAVE DRAG 


It may first be assumed that the shape 
of the ship is a slender body of revolu- 
tion with elliptical cross section (Figure 
1). For this body in an entirely sub- 
merged state, the average velocity in- 
crease at its contour is known to be 


B 
Ad X (1) 
where 
B = Maximum thickness of the 
body (beam) 
L = Length of the body 
%) = Velocity of the body 


The average dynamic pressure due to 
(As) is 

B 


(2) 
where 
d = Density of the fluid 
q = Ram pressure = d/2 X 4° 


If the body is half submerged (Fig- 
ure 1), the average dynamic pressure 
(AP) will not be altered as long as 
the height of the waves is small in 
comparison with the dimensions of the 
body. The height of the waves gener- 
ated will be 

AP 
where 


s = Specific weight of the fluid 


The force due to the raising or lower- 
ing of the water surface exerted on a 
vertical plate is 

AP 
F= 4H x (4) 
where 
L’ = Length of the plate in the 
horizontal direction 


Since the raising and the lowering of 
the water surface cause the same energy 
loss due to wave generation, the positive 


a WATERSURFACE 


ap 


FIG.1 THE BODY OF REVOLUTION WITH ELLIPTICAL 
CROSS SECTION WALF SUBMERGED IN WATER 


DYNAMIC PRESSURE ON THE CONTOUR. 


or negative sign of (AP) can be neg- 
lected. Considering both sides of the 
body and its great slenderness assumed 


(5) 
F =Lx AP x AH (6) 


As far as drag is concerned, only the 
component of the force in the direction 
of motion of the body is of importance. 
Thus the force calculated must be multi- 
plied with the average angle of attack of 
both sides of the body 


2> > (7) 


The force thus determined is the first 
approximation of the wave drag of a 
body of revolution with elliptical cross 
section (Figure 1) 


1 B? 
De xB (8) 


The formula indicates exponents of 
(B) and (L) greater than unity. Thus 
the use of linear averages for (AP) 
and (a@) must lead to considerable 
errors if (AP) and (a) along the con- 
tour of the body are not approximately 
constant for a given speed and shape. 


Neither (AP) nor (@) is nearly 
constant for an elliptical cross section 
of the body (Figure 1). Thus the shape 
of the body must be modified to make 
(AP) and (a) approximately constant. 
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WAVE DRAG OF SHIPS 


The proper method to accomplish that 
is to add two cones to an elliptical 
middle section (Figure 2). This altera- 
tion lowers thé pressure and angle of 
attack peaks near both points of the 
body. Simultaneously, the shape of the 
body comes closer to that of actual 
ships. 


There is a certain length of the cones 
that makes (+A4P) at the cones equal 
to (—AP) at the elliptic middle sec- 
tion. This length will make (AP) and 
(a) as constant as possible and permit 
the use of the wave drag formula de- 
rived. It may be assumed that the 
addition of the cones does not affect 
(—AP) at the elliptic middle section, 
an assumption which is tolerable for 
an approximate theory. 


(+A4P) at the cones can be derived 
from the theory of wings. The gradient 
of the lift coefficient of the wing with 
infinite span is 


d(C,)/da = 6 (9) 


One third of this lift is due to the 
pressure side of the wing 
d(C,)/da (+4P) = 2 (10) 
The three dimensional equivalent of 
the pressure side of an infinite wing is 
the cone. The cone, therefore, generates 
half the specific pressure of the infinite 
wing 
d(C,) /da(cone) = 1 (11) 
The angle of attack of the outside of 
the cone is 
a (B/L) cone (12) 


If (L) refers to a double cone cor- 
responding to the both points of the 
ellipse. The average pressure on the 
outside of the cone is 


(13) 

since it shall be 
(+4P) cone = (—AP) erripse 
(14) 


CROSS) SECTION 


(ELLIPSE) 


=-aP 


FIG.2 BODY OF REVOLUTION CONSISTING OF TWO 
«COMES AND AN ELLIPTICAL CENTER SECTION. 


AP DYNAMIC PRESSURE ON THE CONTOUR. 


(B/L) cone — (B/L) ellipse 
(15) 


A simple geometrical calculation in- 
dicates that this requirement is met 
when 


L plus elliptical middle sention? 


= 1.5 Xx L(enipse) (16) 


This modification of the elliptical 
cross section is necessary to make the 
wave drag formula applicable. The 50 
per cent increase in length must be 
considered in the formula. Thus the 
wave drag of a body of revolution con- 
sisting of two equal cones and an 
elliptic middle section (Figure 2) sub- 
merged to its center line is 


(17) 


Actual ship hulls seldom correspond 
with this idealized shape. They rather 
look like wedges with rounded off 
edges. Thus the wave drag of a hull,: 
consisting of two wedges and a rounded 
off middle section (Figure 3), may be 
calculated too, in order to enclose the 
wave drag of actual hulls between 
theoretical limits. If the draft is as- 
sumed to be comparatively great, the 


. upper limit of the wave drag is simply 


the two dimensional result of the for- 
mula found before for a body of revolu- 
tion. In this case it is 
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B 
+ AP —AP (e1tipse) = 2 x a x q 
Dy = 2 x (F) x q? x B (18) 
é Since actual ships have neither the 
| | | . true three dimensional shape (Figure 2) 
=a : nor the true two dimensional shape 


SECTION C-C 


TOP VIEW 


FIG 3 BODY WITH PARALLEL S/DES CONS/STING 
OF TWO WEDGES AWD AW ELLIPTICAL 
CENTER SECTION. 

( AFT COMPARATIVELY GREAT SO THAT 
THE DYMAMUC PRESSURE IM THE WATERLINE 
APPROACHES THAT OF THE TWO DIMENSIONAL 


(Figure 3), it may be concluded that 
the most probable coefficient of the wave 
drag formula will be the geometrical 
middle of both extremes. Thus the 
approximate wave drag formula for 
actual ships is expected to be 


Fiow) 
B? 
x q? x B; C approx. = 4.5 (19) 
where 

D, = Wave drag (Ibs ) 
s = Specific weight of the fluid (Ibs /cu. ft.) 
B = Beam of the ship in the water line (ft) 
L_ = Length of the ship in the water line (ft) 
q = Ram pressure = (Ibs. /sq. ft.) 

F (Ibs X s?*) 
d = Density of the fluid C f+) 
%) = Velocity of the ship (ft/s) 
C = Constant ranging from 2.25 to 9.0 mainly depending on the degree of 


approach of the actual shape towards one of the two extremes 


considered. 


COMPARISON OF THE FORMULA WITH OFFICIAL DATA 


Each ship of the United States Navy 
is tested after completion. This test is 
made in deep and calm water. The re- 
sult of this test shows the maximum 
speed of the ship and the power required 
to reach this speed. Navy catalogs show 


these data together with the displace- 
ment and the ratio (L/B) in the water 
line. 

The appendix contains these data for 
seven battleships, four cruisers, and 
four destroyers. Only 15 ships were 
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WAVE DRAG OF SHIPS 


chosen out of the great number of data 
because many ships are so similar that 
groups can be represented by a single 


measurement with the wave drag for- 
mula. 


The total drag of the ship is 


ship. For each ship, the following cal- . P x 550 x e (20) 
culation is necessary to compare :the a 8 
where 
D = Total drag of the ship (Ibs. ) 
P = Driving power (measured) (H.P.) 
e = Propulsion efficiency 
99 = Velocity of the ship (measured) (it/s) 
(1 knot/H = 1,7 ft/s) 
The propulsion efficiency is not meas- D, = D—D, (21) 


ured and is therefore assumed to be 
constant 


e = Const’) 


The total drag is the sum of the fric- 
tion drag (D;) plus the wave drag 
(Dy) 


where 
S = Surface of the ship hull 


S=08x7>xBxL 


V = Displacement of the ship 


The friction constant (C,) is 
(23) 
where 
(R.N.) = Reynolds Number 
(RN.) = x x 
(Average for water) 
Since now the wave drag, the beam, 
the length, and the ram pressure of each 
ship are determined, the constant (C) 
of the wave drag formula is 


Since the calculation proves that the 
friction drag is only 10 to 20 per cent 
of the total drag, the simplest method 
can be used to determine the friction 
drag 


D=C,xSxq (22) 
(ft*) 
(L/B) 
(ft*) 
Cc (24) 


~ (B/L)? x @ x B 


In Figure 4, the result of this calcu- 
lation is plotted against the displace- 
ment of the ships. The figure also shows 
the theoretically determined values of 
(C). Figure 4 proves that all measure- 
ments are within the theoretical limits 
and within plus and minus 40 per cent 
of the theoretically predicted average 
of (C). 
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FIG.4 THE CONSTANT (C) OF THE WAVE DRAG FORMULA 
VS. THE DISPLACEMENT OF FIFTEEN NAVY SHIPS. 


When considering that the fifteen 
ships selected differ greatly in size, dis- 
placement, ratio (L/B), and ram pres- 
sure, and that the actual propulsion effi- 
ciency is unknown, the result is in favor 
of the wave drag formula derived. It 


can even be hoped that more appro- 
priate measurements and some refine- 
ments of the approximate theory will 
lead to a complete agreement between 
the theory and the measurements. 


CONCLUSIONS 


To the best of the author’s knowledge, 
no theoretical expression for the wave 
drag of ships has been derived which 
agrees with actual measurements. 


The foregoing derives a theoretical 
wave drag formula which agrees within 
plus and minus 40 per cent with official 
data of fifteen ships of the United States 


Navy (Destroyers, Cruisers, and Bat- 
tleships). 


It can be hoped that more appropriate 


‘measurements and some refinements of 


the approximate theory will lead to a 
complete agreement between the theory 
and the measurements. 
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WAVE DRAG OF SHIPS 
APPENDIX 
Displacement Power Speed 
Year Name (Tons) (H.P.) (Knots) L/B c 
BATTLESHIPS 
1943 Iowa 45,000 200,000 - 33 6 2.7 
1921 Maryland 32,500 27,300 21 6 
1918 New Mexico 33,400 32,000 22 6 3.55 \ 
1941 North Carolina 35,000 115,000 27 6 4.95 
1916 Oklahoma 29,000 25,000 20.5 6 4.0 
1916 Pennsylvania 32,600 33,400 21 6 4.9 
1914 cc ee 27,000 28,100 21 6 4.4 
CRUISERS 
000 1933 Astoria 9,950 107,000 32.7 9 6.6 
1939 Wichita 10,000 100,000 32.5 9 6.5 
1942 Atlanta 6,000 75,000 38.0 10 3.6 
1923 Omaha 7,050 90,000 35.0 9 4.5 
DESTROYERS 
1940 Benson 1,630 50,000 37.0 ll 5.1 
1937 Craven 1,500 42,800 4.7 
* 1937 Somers 1,850 52,000 37.5 11 4.65 
il 1916-1917, — 1,190 26,000 35.0 11 3.6 
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MEASUREMENT AND ANALYSIS 


A STATISTICAL APPROACH TO THE 
MEASUREMENT AND ANALYSIS OF 
EXPERIMENTAL DATA 


NORMAN H. JASPER 


in 1950. . 


THE AUTHOR 


The author received his Bachelor’s degree in Mechanical Engineering from the 
College of the City of New York in 1941. He joined the Scientific section of the 
Puget Sound Naval Shipyard in 1941 and worked there until transferred to the 
David Taylor Model Basin in 1946 where he has primarily been concerned with 
applying vibration theory and experimental methods to the study of ship struc- 
tures. He studied, since 1941 at the University of Washington, the George Wash- 
ington University, the Graduate School of the Bureau of Standards and the 
University of Maryland from which he received the Master of Science degree 


It will be in order to clarify the sub- 
ject of this paper a little more than is 
indicated by the title. The term “sta- 
tistical” in the title may be misleading 
to some extent since we will not concern 
ourselves here with the mathematics of 
statistics but rather will deal with the 
treatment of data in the aggregate and 
in doing so will want to extract certain 
common denominators according to 
which such data may conveniently be 
presented. 


The prime purpose of this paper is to 
focus attention on and to indicate an 
approach to the problem of presenting 
data, especially experimental scientific 
data, in a form in which it may readily 
be put to use by the consumer, often an 
engineer, whose primary interest is to 
determine whether a given structure 


will do the job and who has little time 
or inclination to go into a detailed 
analysis of the individual steps that are 
taken to get the data into a usable form. 

The need is indicated for a means of 
classification of experimental data in 
some suitable fashion in order to make 
its engineering use practicable. The 
time and economic factors entering into 
the analysis of test data will be touched 
upon only lightly at this time but they 
are the prime factors which started me 
on the present approach. I will illustrate 
the application of this approach by de- 
scribing, rather, briefly, several instru- 
ments and techniques that have been 
developed or that are presently under 
development. 


Let us assume that our prime interest 
lies in experimental analysis of strains, 
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stresses, and forces. Also, to many, the 
experimental methods are the means by 
which analytical theories may stand or 
fall. The methods and instruments dis- 
cussed here are applicable to many types 
of measurements but I shall, for illus- 
tration, use the study of the “strength 
of ships at sea” presently carried out at 
TMB; the problems encountered there 
will be, I believe, of interest. 


In general, we are given a problem 
which requires us to determine the ac- 
tion of a body, say a structure, under 
certain conditions. The action on and 
the reaction of this body must be speci- 
fied in terms of quantities that we are 
familiar with, such as temperature or 
displacement. 


Now there are so many quantities that 
might possibly affect the action of our 
“structure” that one must use consider- 
able judgment in his choice so as to 
permit a practical approach to the solu- 
tion without, on the other hand, omitting 
from consideration factors which may 
have an appreciable influence on the 
behavior of the structure. In most cases, 
it is quite apparent that certain factors 
have but little or no bearing, but it is 
not as easy to find those which do have 
significant bearing on the problem. 


A convenient method of determining 
the relative significance of several 
parameters is to set up a mathematical 
model, for example, the differential 
equations that are to represent the 
physical behavior and determine there- 
from the variation of the desired quan- 


tity as a function of these parameters. . 


Care must be taken, however, that the 
mathematical model does, in fact, repre- 
sent the physical problem to the desired 
accuracy. Another and more direct 
method would be to resort to experi- 
ment. 


It will be found after such a proce- 
dure that the action of the structure 
can in general be specified by several 
parameters which in themselves are 
functions of a number of variables. 
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So the general problem is a rather 
formidably complex one. The engineer, 
and I assume other people as well, like 
to see things remain as simple as prac- 
ticable. Simple relationship may per- 
haps be visualized, they are less obscure 
and, after all, that’s what we want— 
less obscurity. 


In the study of the response of struc- 
tures under load, shock or vibration, 
many tests are made and a great deal of 
mathematical and experimental analysis 
is carried out. In order to effectively 
present the results of this analytical 
effort to the engineer and designer, it is 
necessary to specify in some relatively 
simple manner the behavior of the 
structure as a function of some char- 
acteristic of the applied force or motion. 
For example, assume that it has been 
shown that strain is an index of the 
probability of structural failure and that 
the maximum intensity of the applied 
load can be related directly to the 
strain, then the salient criteria of the 
structural behavior for this example are 
the strain or the maximum load. 


The latter illustration describes a very 
simple relationship. It is readily seen 
that a somewhat more complex case 
can be treated similarly. For example, 
the case where the load is a known 
function of time, here some character- 
istic time may need to be added to the 
criterion of the preceding example. One 
can go on to more and more complex 
cases. For engineering use such data 
can be presented in the form of tables 
and graphs which give the relationship 
between the several factors. 


Much time and money can and is 
spent in the search for these significant 
factors. A criterion may, of course, 
itself be a function of several others. 
Once a set of criteria has been estab- 
lished for a particular problem, it will, 
in general, save a great amount of 
time and money to design and utilize 
apparatus which measures the criterion 
directly rather than the multitude of 
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factors which originally had to be 
measured. 


In most experimental investigations 
that I am familiar with, data was meas- 
ured by instruments which recorded the 
desired quantities as a function of time 
and the instrumentation required the 
more or less continued attention of per- 
sonnel. This type of test is probably 
the type most frequently encountered. 
In some studies it is desirable to base 
results on sampled data. In this case it 
is desirable to record the output of a 
transducer at specified intervals for a 
given duration of time. It is readily 
seen that under the latter circumstances 
it would be advantageous to possess an 
automatic recording apparatus which 
would perform the required operation 
without necessitating human attention. 


We may go one step further and re- 
quire that instead of recording the time 
function directly, our apparatus also 
perform a function of data analysis and 
give us, in some manner, the result of 
this analysis. The value of this latter 
approach is readily seen when one con- 
siders the relative time and costs in- 
volved in a routine analysis of oscillo- 
grams. To illustrate, suppose we wish 
to find the suitability of a structure 
which is subjected to alternating loads 
of the type that may cause fatigue 
failure. We will measure the strain- 
time history of this structure. The 
oscillogram thus obtained must, at great 
expense, be analyzed to determine the 
magnitude, number and sequence of 
cyclic strain variations together with 
the mean level about which these varia- 
tions occurred. Our automatic instru- 
ment would perform this analysis for us 
and give the result in terms of numbers. 
A visual analysis of the oscillogram 
would probably have been prohibitive in 
most cases, whereas the automatic 
analyzer has made the final data imme- 
diately available at any stage of the test. 


We have just mentioned two of the 
three types of instruments: that will be 


illustrated later on. They are 

(1) Apparatus that measures and re- 
cords the data directly and at the 
same time performs a statistical 
sampling operation. 

(2) Apparatus that immediately ana- 
lyzes the signal it receives from 
the transducer without retaining 
the original data. 


(3) Apparatus that records the signal 
received from the transducer in a 
manner such that the original 
signal or some function thereof 
may be reproduced at any time 
permitting laboratory analysis of 
the recorded signal. A _ well 
known example is the magnetic 
recorder. 


It is these three types of instrumenta- 
tions that we will be concerned with in 
this paper. 

Much could be said about the sta- 
tistical approach to the collection of 
data but I will merely make the self- 
evident statement that much time and 
money can be conserved by a properly 
designed statistical investigation. It is 
assumed here that the mathematicians 
have supplied us with the proper sam- 
pling times and sampling intervals, as 
well as the accuracy to be expected 
therefrom. It will, I believe, be found 
relatively easy to define the latter re- 
quirements. It is not necessary that the 
engineer be trained in statistical mathe- 
matics in order to collect data on a 
statistical basis. He will do well to talk 
his problem over with persons trained 
in that field and to let them determine 
the necessary factors. 


I will first give some background 
information on the problem that really 
started us on the development of auto- 
matic statistical instruments. The 
Navy’s Bureau of Ships requested in 
1948 that the David Taylor Model Basin 
measure the strains and motions of ships 
at sea for the purpose of evaluating and 
improving design theories and calcula- 
tions. Another parallel project required 
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us to determine the forces on bow struc- 
tures of ships. This overall study can 
take in quite a bit of territory. It was 
necessary to study the overall problem 
objectively and to decide in the light 
of the available time and funds upon a 
general program that could reasonably 
be accomplished with the available facili- 
ties. I have made a preliminary outline 
of such a program in a paper published 
in the August ’50 issue of the Journal 
of Naval Engineers entitled “A Statis- 
tical Approach to the Longitudinal 
Strength Design of Ships.” As part of 
the project, it was proposed to collect 
data on many ships operating on the 
various sea routes and under a variety 
of sea conditions. The data to be col- 
lected were to give an index to the 
ships’ seaworthiness, the acceleration 
experienced by the hull girder as a 
whole and the severity and manner of 
stresses which the hull must withstand. 
It would be impractical to secure this 
mass of data by direct oscillograph re- 
cording such as has been done on prior 
such tests on ships at sea. It was, 
therefore, decided to develop instru- 
mentation which would obtain the de- 
sired data automatically without requir- 
ing attending personnel. The objective 
is to provide an instrument that is 
installed on the ship and then remains 
with the ship for a minimum of a com- 
plete voyage, say one month, and from 
which the desired data may be removed 
at the end of that period. The required 
instrumentation, in addition to provid- 
ing the proper information, must be 
rugged, reliable, and economical in cost 
and operation. 


The first type of apparatus that I will 
describe is one that is most like the 
oscillographic equipment that we are 
familiar with. It is essentially an oscillo- 
graph which has provision for auto- 
matic sampling and which is designed 
to operate continuously for weeks on 
shipboard without necessitating human 
attention. It is called the “TMB Ships’ 
Motion Recorder” but could be used for 
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purposes other than indicated by its 
name. It should be remembered that 
this is the first and only model built 
and that we will probably wish to add 
additional features to later models. As 
built, the recorder operates from a 110 
a-c line and is designed to record the 
ship’s rolling and pitching acceleration, 
its linear acceleration as well as the 
rolling and pitching angles. It is desired 
to record only the rather low frequency 
variation associated with the gross mo- 
tion of the vessel, that is, rolling, pitch- 
ing, and heaving motions. This requires 
that the response to es: frequencies 
be attenuated. 


The voltage output of each trailsdecer 
is amplified and its phase shifted so as 
to provide maximum power input into 
one phase of a two-phase motor, the 
other phase is connected directly across 
the line. The motor operates a null 
balance system.. The direction and 
amount of rotation of the motor are 
directly proportional to the direction 
and magnitude of the transducer signal. 
Since a null balance system is used, 
there is no appreciable error due to 
lack of voltage regulation in the power 
supply. The two-phase motor actuates 
a standard type of pen drive. The pens 
scribe on a plastic coated recording 
paper. 


The paper drive is actuated by a set 
of cams as follows: 


(a) The paper drive automatically 
operates and the pens are actu- 
ated for a preselected period at 
regulated intervals, say for two 
minutes out of every hour. 


(b) By manually turning a_ timer 
knob, the recorder will record 
for any desired continuous period 
up to two hours. At the end of 
the period the automatic cycling 
will take over. 


(c) The recorder will run continu- 
ously if desired. 
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The paper speed we use is either 1 
or ¥Y% inches per minute; 100-foot length 
of paper is sufficient to permit up to 50 
days’ operation without reloading the 
magazine. In use it is intended to 
select the optimum sampling interval 
and sampling duration for the particular 
problem under consideration. The prime 
advantages of the motion recorder are: 


(a) ruggedness of construction and 
use of subassemblies for ease of 
replacement and servicing 

(b) a clean immediately visible re- 
cording trace not requiring proc- 
essing and not likely to give 
trouble in operation. The record- 
ing paper does not smudge 
readily. 

(c) null balance system 

(d) high sensitivity, about 9 m.v. in- 
put for full scale deflection 

(e) flexibility in application 

(£) low cost of installation, operation 
and low first cost 


Additional features can readily be 
added to the present unit. For example, 
the recording may be controlled by the 
magnitude of the quantity to be meas- 
ured or by some other quantity. A 
definite limitation of the recorder is its 
frequency response limitations. 


Next I will proceed to an instrument 
quite unlike the preceding one. 


One of the questions that arises in 
the study of the strength of ships at 
sea is whether or not fatigue is an 
important consideration in the strength 
of ships; also we would like to know 
the intensity and frequency of occur- 
rence of strains in the ship girder over 
long periods of time. 


For this purpose, we have developed 
the “TMB Strain Cycle Gage and 
Counter.” This instrument comprises a 
special 10-inch mechanical strain gage 
and a box containing the counters and 
the counting circuit. The counter pro- 
vides an automatic tabulation of the 
number of cyclic variations of selected 


strain amplitudes classified according to 
the mean strain levels about which 
these cyclic variations occur. To deter- 
mine the number of variations about a 
given mean strain level, it is merely 
necessary to subtract the reading of one 
counter from that of another counter. 


Ficure 1. Diagrammatic Sketch of Strain 
Cycle Gage and Counter. 


The principle of operation is probably 
best illustrated by a simplified diagram 
Figure 1, the main components are (a) 
a contact bar which is given a linear 
motion directly proportional to the 
strain, (b) a series of amplitude con- 
tactors which are free to slide as indi- 
cated, and (c) a series of zone level 
contacts which remain stationary. If 
the contact bar touches the upper con- 
tact point of an amplitude contactor and 
then touches the lower contact point of 
the same contactor, a counter will count 
one unit at the moment the contact is 
made. The particular counter which 
will register is determined by the level 
contact which is touched by the contact 
bar at the moment of counting. Assume 
that the unit is in the position shown 
in Figure 1 for zero strain and that 
the contact bar moves parallel to itself 
due to an applied tensile strain. The 
upper contact points “S” of the ampli- 
tude contactors #1, #2, and #3 are 
successively touched by the contact bar. 
The instant contact is made between 
the contact bar and the point S, of the 
amplitude contactor #2, a relay in an 


587 


its 
hat 
110 
the 
ion, 
the 
ired 
ncy Strate. Counter Gop Setting of Amplitude Contector 
Zone Level Contects 
tch- 
ires 
cies | 
2 
' 
ucer 
ho. | Amplitude Contactor 
“TOSS 
null 
and 
are 
ction 
gnal. 
used, 
1e to 
tuates 
: 
x 


MEASUREMENT AND ANALYSIS 


electrical circuit associated with this 
amplitude contactor is cocked. This 
relay does not close until the strain, 
and consequently the contact bar, re- 
verses its direction and contact is made 
at F, at which time the relay closes 
and a pulse of current is sent through 
the circuit and channeled via one of the 
zone level contacts to the counter cor- 
responding to the #2 amplitude con- 
tactor. If, for example, the contact bar 
had been in contact with section 4 of 
the zone level contacts at the instant 
that the pulse of current was released 
(contact between F, and contact bar), 
then the number 2 strain amplitude 
counter corresponding to the number 4 
zone level would have registered one 
count. In general, therefore, a count 
will be registered whenever a strain 
variation equal to or greater than that 
corresponding to a given gap setting of 
the amplitude contactors has occurred. 


For the sake of simplicity, let us 
eliminate the zone level contacts. Then 
there will be only one counter per ampli- 
tude contactor. Now assume that the 
mean stress is zero and that there are 
1000 cycles of 5000 psi stress; 500 
cycles of 10,000 psi stress and 100 cycles 
of 15,000 psi stress. Then the counter 
corresponding to the 15,000 psi stress 
would indicate 100 cycles, that for the 
10,000 psi stress 600 cycles, that for 
the 5000 psi stress 1600 cycles. It is 
apparent that each counter registers all 
the strain cycles which are equal or 
larger in magnitude than that corre- 
sponding to that counter. In order to 
find the number of cycles of strain corre- 
sponding to any counter, it is then only 
necessary to subtract from the reading 
of that counter the number of counts 
registered on the counter corresponding 
to the next larger strain amplitude. If 
the mean stress had been any value 
other than zero, the result would not 
have been changed since the level con- 
tact had been eliminated in the arrange- 
ment under discussion. 
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Figure 2. Sample Analysis of an Arbi- 
trary Strain Variation. 


Now if the zone level contacts are 
utilized, the analysis of the data given 
by the counter readings is very nearly 
the same as that just given except that 
now there will be a set of counters for 
each zone level but the analysis for 
each one of these sets is exactly the 
same as that outlined before. For pur- 
poses of separation of the counts, the 
counters are arranged according to the 
zone in which the peak strain occurred, 
the arrangement is indicated in Figure 
2, which also gives a detailed analysis 
of an arbitrary strain pattern. A care- 
ful inspection of this Figure should be 
sufficient to illustrate the principle of 
analysis that is utilized. 


The physical strain cycle gage will 
now be described. The gage is illustrated 
in the sketch, Figure 3, and the photo- 
graph, Figure 4. It has a base length 
of 10 inches and the actual strain is 
magnified ten times through a lever 
system. The amplitude contactors are 
carried by a pivoted and balanced arm 
which is held in place at any position 
by a suitable friction pivot. Both the 
zone level and amplitude contactors are 
made of monel and are readily adjust- 
able over a wide range. The gage is 
held to the structure by a predetermined 
spring force. Two types of gage points 
have been provided for, conical gage 
points which require accurate drilling 
of gage holes or knife edge type gage 
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Ficure 3. Sketch of Strain Cycle Gage. 


Figure 4. Mechanical Strain Cycle Gage. 
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Figure 5. 


points which make for a simpler in- 
stallation. Rapid temperature changes 
of the structure were not anticipated. 
Temperature effects were to be taken 
care of by (a) making the gage of the 
same material as the structure and (b) 
minimizing the temperature lag between 
the gage and the structure. The gage is 
designed to withstand a static accelera- 
tion of 5 g in any direction. The 
prototype strain cycle gage has pro- 
vision for counting six strain ampli- 
tudes and classifying them into six zone 
levels (see Figure 5). The manufacture 
of the gage requires precision work- 
manship. 


Flange assembly in place, showing quick-opening valve, supporting tripod, 
by-pass line, and recording potentiometer. 


The basic idea of the strain cycle gage 
can be utilized in other applications 
where it is desired to count cyclic varia- 
tions. The general arrangement of such 
a system could consist of a transducer 
which transforms a variation of the 
quantity to be measured into a mechani- 
cal motion of a contact bar or of a 
rotor carrying several contact bars. The 
contact bars would then actuate the 
amplitude contactor and counting cir- 
cuits as before. It is also possible to 
perform the function of the floating 
contactor electronically; however, such 
a system would appear to be unduly 
complex for our purposes. 
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Application of this system could prob- 
ably be found in the cyclic analysis of 
voltages, currents, pressure, SR-4 strain 
gages, temperatures, atmospheric condi- 
tions, etc. 


It is seen that the strain cycle gage 
and counter provide an automatic sta- 
tistical analysis of the strain variations 
in a structure over long periods of time 
at a great savings of time and money 
over the conventional time-base data. 
A rough time base can be provided for 
the strain cycle data by photographing 
the counter readings at selected inter- 
vals of time. 


If it is found that fatigue is not a 
significant consideration in our particu- 
lar problem, then it would be unneces- 
sary to go to the trouble of classifying 
the strain data as before. It may be 
sufficient to know what percentage of 
the total operating time the strain falls 
within given limits. To provide this 
information, we have developed another 


. instrument which performs a measuring 


analyzing and totalizing functions. I 
call this instrument a function totalizer 
or, in our particular case, a strain 
totalizer. The essential components are 
a strain gage, a switching or classifying 
device and a series of clocks. The oper- 
ation is as follows: The output of a 
strain gage is used to change the bias 
of a vacuum tube. Each vacuum tube 
will conduct current when its grid volt- 
age exceeds a fixed value which value 
is in turn set to correspond to a definite 
strain. Each tube controls a clock which 
will run as long as the tube is conduct- 
ing current. Therefore, the total time 
indicated by any clock indicates the 
total time that the strain has exceeded 
the value corresponding to that par- 
ticular clock. The total time that the 
strain was in a given region is given 
by the difference of the clock readings 
for the two strains defining that region. 
This data can immediately and con- 
veniently be represented by a simple 
graph. 
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The accuracy of this device depends 
to a great extent of the rapidity of 
strain variations and on the time delay 
of the clocks. In one present installa- 
tion, we will utilize the same strain gage 
that was part of the strain cycle counter 
in the strain totalizer. However, almost 
any electrical or mechanical gage could 


- be adapted to the strain totalizer. 


In the preceding two examples, it was 
seen that the analyzing and totalizing 
function was accomplished directly at 
the time that the variation occurred. 
This, of course, requires that each gage 
be equipped with the complete analyzing 
and totalizing apparatus. The question 
immediately arises: why not have a 
setup in the laboratory which will do 
these operations and thus have one set 
of equipment to analyze the data ob- 
tained from a number of transducers. 
This would not be too great a problem 
if it were required to record the data 
over short intervals only; but since we 
wish to analyze data obtained over a 
period of weeks or months, conventional 
recording on magnetic tape or on film 
would appear to be impractical. We are, 
at present, devising a method which will 
make this approach practical; for want 
of a better name, I shall call it the 
step-sequential system of recording. The 
idea which I will presently explain was 
suggested to use by Mr. G. W. Cook, 
Chief of the Electronics Engineering 
Division of TMB. 


Essentially the process of recording 
approximates the signal by a series of 
steps, the magnitude of each incremental 
step may be taken as small as desired 
in order to obtain the required accuracy. 
For an increase of the measured magni- 
tude by one step, a single positive pulse 
is impressed on the recording medium, 
for a decrease of the measured magni- 
tude by one step a single negative pulse 
is impressed. If the variation of the 
signal as a function of time is desired, 
the speed of the recording medium will 
provide the time base. If only the 
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sequence of the function but not the 
time variation is important, then the 
recording medium need advance only 
when a variation in the signal must 
be recorded. 

For example, let us assume that we 
wish to analyze a voltage that varies 
between zero and 1 volt and that the 
requirements of the problem are satisfied 
by approximately the variation in in- 
crements of 0.1 volt. ‘This will require 
ten steps. We will select magnetic tape 
as one recording medium and every 
positive increment will be represented 
by a positive pulse of magnetism and 
every negative increment by a pulse of 
negative magnetism. If the voltage is 
varied from zero to 0.4, then decreased 
to 0.2 and again increased to 0.9 volt, 
this sequence will be represented by the 
following sequence of magnetic pulses, 
4 positive, 2 negative, 7 positive. 

The actual apparatus can be con- 
structed in a number of ways. The 
medium may, for example, be magnetic 
tape, ordinary paper tape or a metal 
cylinder. The laboratory equipment 
needed to analyze this data would in 
the most general case be reproduced so 
as to approximate the original time 
function and automatic analysis could 
then be performed as before. Of course, 
simpler approaches may be used for 
special purpose instruments. It is my 
personal opinion that the approach just 
outlined may find important applica- 
tions. 

To recapitulate, the instrumentation 
that has been described is of three dis- 
tinct types; classifying them according 
to their function we have: 

(1) Apparatus that measures and 
records the data directly but does 
at the same time perform a sta- 
tistical sampling operation—as 
illustrated by the TMB motion 
recorder. 


(2) Apparatus that immediately ana- 
lyzes the signal that it receives 
from a transducer without retain- 
ing the received data—as illus- 
trated by the strain analyzer and 
by the strain totalizer. 


(3) Apparatus that records the sig- 
nal received from the transducer 
in a manner such that the origi- 
nal signal or some function of 
the original signal can be repro- 
duced at will, permitting auto- 
matic laboratory analysis of the 
recorded signal; into this clan 
fall magnetic recorders, photo- 
electric type of recorders or the 
step sequential type of recorder. 


These systems may be combined in 
various ways. The method of sampling 
or the method of analysis may be altered 
to suit particular conditions. .ex- 
ample, one might arrange to have the 
data recorded or analyzed only when 
the measured magnitude exceeds a pre- 
determined level, thus the operating 
time of the apparatus is reduced. : 


It has been one objective here to 
focus attention on the possibilities of 
utilizing apparatus that will automati- 
cally perform the function of sampling, 
recording and analysis. In this type of 
approach one is forced to plan the ex- 
periment in a form suitable for analysis. 
It is, of course, desirable to visualize 
the analysis of data when planning any 
type of experiment but in many cases 
one unfortunately does not know what 
the significant factors are. It is believed 
that some programs of study that would 
be impractical of accomplishment if 
attempted in the usual manner will be- 
come feasible if approached along the 
lines suggested here, due primarily to 
the great savings in man hours and the 
almost immediate availability of sig- 
nificant results. 


Note: A patent covering the basic features of the strain cycle gage was issued to 
R. T. McGoldrick and L. B. Tuckerman (U.S. Pat. 2378422). 
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PART TWO 


REPRINTED ARTICLES 


The articles contained in this Part Two represent those which. 
in the opinion of the editorial staff, are the most valuable which 
have been gleaned from recent issues of contemporary publications. 

This material was formerly published under the heading 
“NOTES”. It has been given somewhat more prominence and 
made more readable to enhance its value. The editors’ purpose 
here is to provide a: convenient repository to readers of the 
Journat, for articles originally published elsewhere which con- 
tribute to the purpose of the Society: to further the advancement 
of naval engineering. 
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CYLINDER FORM OF I. C. ENGINES 


MACROGEOMETRIC CHANGES OF 

CYLINDER FORM, THEIR NATURE 

AND EFFECT ON THE OPERATION 
OF 

INTERNAL COMBUSTION ENGINES 


(VESTNIK ACADEMII NAUK—JUNE 1950 Pp. 130) 


TRANSLATED FROM THE RUSSIAN BY MR, E. C. MAGDEBURGER 


A dissertation under the above title 
was presented by Sh. M. Bilik to the 
Machinery Institute in Moscow, USSR 
in seeking a doctors degree. It con- 
sists of two volumes and six chapters. 


In the first chapter the author justi- 
fies the importance of his theme to the 
national economy and emphasizes the 
role of internal combustion engines in 
industry and agriculture. Pointing out 
that the cylinder group, i.e., liner and 
rings, constitute the weakest link limit- 
ing the time between overhauls the 
author bases his deductions on the serv- 
ice data of automobiles. The author 
concludes that the current insistence on 
the highest finishes for the bores of 
cylinders overshadows the important 
effect of accuracy of dimensions and 
form. Although various engine builders 
have established that cylinder deforma- 
tion has considerable influence on the 
operation of it, this very important 
topic has not been studied sufficiently 
and deserves more attention. 


In the second chapter are given re- 
sults of actual measurements of the 
changes in the geometry of the cylinder 
during the process of assembly and 


these cylinder deformations are care- 
fully analyzed in detail. To evaluate 
these cylinder deformations the author 
set up the following parameters: maxi- 
mum ovality, ovality in two perpendicu- 
lar planes, conicity of sections, maxi- 
mum conicity and oval conicity. 


The third chapter created the most 
interest among his official opponents. 
The author has actually measured the 
deformation of many thin-walled tubes 
of various geometric dimensions when 
subjected to different internal pres- 
sures. In addition to the measurements 
of deformation the distribution of 
stresses was also determined by brittle 
lacquer method and tensiometers. As a 
result of this investigation the author 
established the relationship between the 
character of deformation and the geo- 
metric parameters of the tubular body 
and adopted such concepts as influences 
of ends, linear and pseudo-linear effects. 


In the fourth chapter the author dis- 
cusses the changes in the macrogeometry 
of the cylinder as influenced by tem- 
perature and length of service. For this 
purpose the author conducted special 
investigations on installations simulat- 
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ing the warming up of the cylinder 
group under stationary conditions. 
Based on these investigations it was 
possible to establish the laws govern- 
ing the changes of cylinder form when 
subjected to heating, and as a general 
rule heating increases the distortions 
resulting from assembly. The effect of 
service on the macrogeometry of liners 
was determined from the results of 
testing single cylinder engines. As the 
result of macromeasurements during the 
various stages of these prolonged in- 
vestigations the author came to the 
conclusion that it is possible by intro- 
ducing definite macrogeometric changes 
into the original cylindrical form of 
liners to localize to a greater or lesser 
degree the effect of distortions of form 
resulting from either deformation or 
wear. 


The fifth chapter is devoted to the 
evaluations of the effect of macrogeom- 
etry of cylinder on the operation of the 
engine—by measurement of gas blow- 
outs, lubricating oil consumption and 
wear of the cylinder group. The author 
used two specially prepared installations 
to investigate blowout of gases from the 
combustion chamber into the crankcase 
for various déformations as a function 
of pressure variation, position of piston, 
type, distribution and number of pis- 
ton rings. 


Investigation of wear of contacting 
surfaces of the cylinder groups during 
operation of the engine permitted the 


author to advance several concrete 
recommendations to lengthen the service 
life of engine cylinders and consequently 
of engines themselves. 


The last or sixth chapter summarizes 
all deductions and recommendations 
covering the whole subject matter that 
may be applicable for future designing 
and maintenance of the cylinder group 
of internal combustion engines in the 
transport field. 


One of the official opponents com- 
mended the author for his brilliant and 
original scientific investigation pioneer- 
ing the problem of macrogeometric de- 
formations of the cylinder group of 
the internal combustion engines in the 
transport field. Careful theoretical analy- 
sis of the results of the extensive ex- 
perimentation and tests by the author 
developed into an original theory of 
the phenomenon of linear deformation 
of tubes loaded on their ends first dis- 
covered by him. 


The investigations practical useful- 
ness stems from the fact that it permits 
the designer to incorporate concrete 
means to overcome the difficulties ex- 
perienced in properly wearing-in the 
cylinders of internal combustion en- 
gines. 


The carefully worked over results of 
Mr. Bilik’s extensive experiments sup- 
ply the basis for qualitative and quanti- 
tative criteria for establishing condi- 
tions of macrogeometry of coworking 
surfaces of the cylinder group. 
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FACTORS AFFECTING SUPERHEAT 
CONTROL 


boilers, 
designs. 
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It is proposed in this article to out- 
line generally the most important fac- 
tors affecting superheat control and to 
describe some of the means used for 
this purpose with their relative advan- 
tages and disadvantages. Since super- 
heat-control problems at high steam 
temperatures have accentuated effects 
tending toward superheater deteriora- 
tion, it is also proposed to discuss fac- 
tors affecting superheater life and re- 
liability. 

The types of control to be discussed 
are those employing the following: 


1. By-pass and damper. 

2. Desuperheater ; evaporative type. 

3. Desuperheater; feedwater-neating 
type. 

4. Condenser humidifier. 

5. Combination superheater ; conven- 
tional. 

6. Combination superheater ; 


rately fired type. 


When generating steam at high pres- 
sure and temperature with slag-forming 
fuels and a convection superheater, pre- 


sepa- 


cise steam-temperature control over a 
wide load range is possible only by 
compromises in design which impair the 
reliability of the steam generator as a 
whole. The size of a convection super- 
heater depends, among other things, 
upon the minimum load. at which the 
full specified temperature is required, 
the gas temperature, rate and type of 
gas flow available at the superheater, 
and the feedwater temperature. 


If the amount of furnace cooling sur- 
face installed ahead of the superheater 
is large enough to reduce the furnace 
gas exit temperature sufficiently to 
freeze all entrained ash particles before 
reaching the superheater, and if the 
superheater tubes are spaced on wide 
centers to prevent bridging, the re- 
quired final steam temperature may not 
be attainable over the desired load 
range with any superheater of practical 
size. As the gas temperature to the 
superheater decreases, and the load 
range over which it is desired to main- 
tain a given steam temperature con- 
stant increases, the size of the super- 
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GAS TEMPERATURE 
TO. SUPERHEATER 
aT 100% LOAD 

1700°F 


RELATIVE SUPERHEATER SIZES FOR 900°F FINAL STEAM TEMP OVER 75 TO 100% CONTROL RANGE 
WITH GAS TEMPERATURES OF 2300.2000, AND !700°F 


Ficure 1. Effect of gas temperature and control range on superheater size. (Pressure 
1325 psi at superheater outlet. Conventional wet-bottom pulverized coal fired unit.) 


heater increases rapidly. This is illus- 
trated in Fig. 1 based on a study of 
superheaters for operation at 1325 psi, 
from which it may be deduced, for ex- 
ample, that if a final steam temperature 
of 900 F is to be maintained constant 
from three-quarters to full load, the 
superheater sizes will vary approxi- 
mately as 1.1 to 1.75 to 3.65 as the 
superheater gas-inlet temperature at full 


load changes from 2300 to 2000 to 1700 
F, respectively, superheaters for each 
condition having the same spacing, gas- 
mass velocity, and feedwater tempera- 
ture. Actual surfaces for 300,000 Ib per 
hr would be approximately 3770, 6000, 
and 12,500 sq ft, respectively. The three 
diagrams of Fig.:1 illustrate to scale 
relative proportions of the furnaces and 
superheaters for these three conditions. 
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Ficure 2. Gas by-pass control applied to 550,000 Ib. unit. (Working pressure 820 psi, 
final steam temperature 900 F, from 66 to 100 per cent load.) 
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Obviously, the furnace as well as the 
superheater shown on the right-hand 
diagram are impractically large. 


If with a full-load superheater-inlet 
gas temperature of 2000 F it is desired 
to maintain a final steam temperature 
of 900 F constant from one-third, two- 
thirds, and full loads, respectively, the 
superheaters will vary in size as 3.5 to 
1.85 to 1.6. Actual surfaces would be 
approximately 12,000, 6350, and 5500 
sq ft, respectively. 


The highest gas temperature to the 
superheater which may- be tolerated de- 
pends upon the slagging characteristics 
of the fuel fired. Generally, it is possible 
to design a unit with an all-convection 
superheater of reasonable size only by 
accepting a higher furnace-exit tem- 
perature than the desire for maximum 
reliability and freedom from slagging 
would indicate to be proper, or by re- 
ducing the steam-temperature-control 
range. 


METHODS OF CONTROLLING SUPERHEAT 


Since the control range obtainable 
depends upon the furnace design and 
the size of the superheater, the method 
of control affects only the ease with 
which the steam temperature may be 
regulated to suit turbine requirements. 
If they are of adequate size, controls 
of the gas by-pass, desuperheater, or 
condenser types will be approximately 
of equal effectiveness, although they 
will not respond with equal rapidity. 


By-Pass Control. The gas by-pass 
type of control is illustrated in Fig. 2, 
as applied to a 550,000-Ib. per hr. unit, 
designed to deliver steam at 820 psi, 
and 900 F. final steam temperature over 
a load range of 66 to 100 per cent with 
a feedwater temperature of 300 F. at 
full load. The final steam temperature 
is maintained at the desired value by 
regulating the amount of gas flowing 
over the superheater by means of a by- 
pass damper. 

Figure 3 shows the application of 
controls of the desuperheater and con- 
denser types to the same boiler. 


Desuperheater - Evaporator Control. 
In the desuperheater type of control the 
final steam temperature is regulated by 
varying the temperature of the steam 
at an intermediate point in the super- 
heater by desuperheating all or part of 
the steam in desuperheating coils in one 


of the boiler drums or im a separate 
pressure vessel. The steam to be de- 
superheated is diverted to the coils, and 
after desuperheating is returned and 
mixed with the undesuperheated steam 
before passing through the rest of the 
superheater. Control is by means of a 
valve within the intermediate header as 
shown, or by using external valves and 
piping to regulate the desuperheating 
and remixing. The steam, which flows 
at high velocity through the desuper- 
heating coils, gives up heat to the boiler 
water which surround the coils, causing 
it to boil. Sometimes, when the desuper- 
heater coils are located in a separate 
pressure vessel, the desired amount of 
desuperheating is regulated by varying 
the amount of immersion of the coils. 


Desuperheater - Feedwater - Heater 
Control. Another method of control- 
ling by desuperheating is to pass part 
of the feedwater through coils installed 
within the intermediate header of the 
superheater, or by spraying of feed- 
water over coils through which the 
steam is passed, located in a separate 
vessel. 


Condenser Control. The condenser 
type of regulator operates by controlling 
the humidity of the steam entering the 
superheater by condensing part of the 
steam after complete purification by 
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Ficure 3. Comparison of condenser and evaporative desuperheater 
control systems for unit shown in Fig. 2. 


washing or other adequate means in 
the boiler, so that the steam is humidi- 
fied with chemically pure water. This 
method precludes the possibility of in- 
troducing scale-forming solids into the 
superheater, as in the past with water 
injection from an outside source. This 
is accomplished as shown in Fig. 4 by 
controlling the amount of feedwater 
flowing through the condenser heat ex- 
changer, located within the superheater 
inlet header. This method is more rapid 
than either the gas by-pass or desuper- 
heating methods because it requires less 
surface for the same control range than 
desuperheating methods, and the tem- 
perature of less metal has to be changed 
when the steam temperature changes. 
The control valves, operating as they 
do on water, are relatively small, com- 
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pared to the large steam valves re- 
quired in the desuperheater control sys- 
tem for passing superheated steam with 
low pressure loss. Hence the regulating 
mechanism is simpler and lighter than 
required for either by-pass or desuper- 
heater types. The condenser method has 
the further advantage that loss in pres- 
sure of the steam flowing over the con- 
denser surface is negligible, as com- 
pared with the necessary pressure loss 
through or over desuperheating surface, 
if the amount of desuperheating surface 
is not to be prohibitive. 


The amount of steam condensed for 
a given range of control in the con- 
denser system is very nearly the same 
as the amount of water boiled in the 
evaporator type of desuperheater con- 
trol. 
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Figure 4. Condenser steam temperature 
control system. 


PER CENT OF FULL LOAD 


Figure 5. Comparison of characteristics, 
by-pass, condenser, and evaporative de- 
superheat control systems for unit shown 
in Fig. 2. 


CHARACTERISTICS OF BY-PASS, DESUPERHEATER, AND CONDENSER CONTROLS COMPARED 


Figure 5 compares the duty of the 
by-pass, desuperheater, and condenser 
types of control on the 550,000-lb. per 
hr. unit, shown in Fig. 2, in order to 
maintain a constant steam temperature 
both with varying load and temperature 
of feedwater. As the feedwater tempera- 
ture drops, more fuel has to be burned 
to generate the same weight of steam 
per hour, hence the temperature of the 
gas at the superheater and the final 
steam temperature both rise. The gas 
by-pass and damper, as well as the 
evaporator type of desuperheater, must 
be sufficiently large to compensate for 
the effect of decreased feedwater tem- 
perature when feedwater heaters are not 
in service. This may roughly double the 


capacity of the required by-pass and de- 
superheater. With controls of the con- 
denser- and nonevaporative-desuper- 
heater types, the reduced feedwater tem- 
perature automatically increases the 
condensing or cooling capacity and 
compensates to a large degree for the 
increase in duty due to decrease in feed- 
water temperature. 


The comparative surfaces required 
are 130 sq. ft. of condensing-control 
surface, 300 sq. ft. of evaporative- 
desuperheater surface, and 1400 sq. ft. 
of nonevaporative feedwater-desuper- 
heating surface. The corresponding pres- 
sure losses on the steam side of the 
condenser- and nonevaporative-desuper- 
heater types are negligible, being of the 
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order of 1 or 2 Ib., whereas on the 
evaporative-desuperheater type it is of 
the order of 30 or 40 psi. The non- 
evaporative desuperheater requires so 
much surface because the steam velocity 
over the surface cannot be conveniently 
made high if the surface is located in 
the intermediate superheater header. 
Hence the over-all heat-transfer rate is 
only about 40 to 50 as compared with 
300 in the evaporative desuperheater 
and 1000 in the condenser. On the 
other hand, the pressure loss is low and 


compares favorably with that obtained 
in the condenser type. 


As may be seen in Fig. 5, it takes a 
very small amount of condensation or 
evaporation to give the desired control, 
namely, 2% per cent with normal feed 
water temperature, and 6 per cent when 
the high-pressure heater is out and the 
feedwater temperature is low. The gas 
by-pass must handle 7% to 17% per 
cent of the total gas under the corre- 
sponding feedwater conditions. 


COMBINATION SUPERHEATERS 


Experience over the years has demon- 
strated that high steam temperatures at 
high pressures over wide load ranges 
with furnace-exit temperatures low 
enough to preclude slagging of the 
superheater may be obtained by the use 
of combination radiant-and-convection 
superheaters. It is well-known that as 
the load increases the steam tempera- 
ture from a radiant superheater falls, 
while that from a convection super- 
heater rises. By proportioning the sur- 
faces properly, it is possible to balance 
these complementary characteristics of 
the two types of superheaters so as to 
obtain a final steam temperature which 
remains practically constant over the 
entire load range. The deviation from 
constancy is so small that only minor 
correction is required. This is_ illus- 
trated in Fig. 6, which shows actual 
results on a combination superheater for 
an installation of moderate pressure and 
capacity. Control equipment in such in- 
stallations is required only to correct 
for changes in feedwater temperatures 
from the normal. Changes in CO,, as 
may be seen in Fig. 6, only slightly 
affect the final steam temperature of the 
combination, because though individ- 
ually the effects of radiant and convec- 
tion sections are large, the effects are 
opposite and cancel each other. 


350 
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PER CENT OF RATED FULL LOAD CAPACITY 


Ficure 6. Characteristics of combination 
superheater, 110,000 Ib. per hr. unit. 


A number of high-pressure, high- 
temperature installations utilizing com- 
bination superheaters in conventional 
single-furnace as well as in twin-turnace 
units have been made, based on satis- 
factory experience over long periods in 
large and small installations. Typical of 
many conventional single-furnace-type 
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installations with combination super- 
heaters--is the .300,000-Ib. per hr., 1550 
psi, 960 F. unit for an Eastern public 
utility shown in Fig. 7: Figure 8 com- 
pares the superheat characteristics of 
this unit with those which might have 
been obtainable by the substitution of 
an all-convection superheater, either 
with or without control. It is interesting 
to note that with a full load gas tem- 
perature of 2000 F. entering the super- 
heater control from below, 30 per cent 
to full load is obtainable with the com- 
bination superheater with one-fourth 
less convection surface than would be 
required with an all-convection super- 
heater having no control range at all 
and with about just over one-third the 
surface required for a control range of 
45 to 100 per cent with an all-convec- 
tion superheater. Each square foot of 
exposed radiant surface replaces ap- 
proximately 6 times that much convec- 
tion surface. 


| 


Ficure 7. Typical combination superheater 
applied to single-furnace boiler. (Steam 
output 300,000 Ib. per hr. at 1325 psi and 
960 F final steam temperature, from 30 
to 100 per cent load.) 


TWIN-FURNACE BOILERS WITH SEPARATELY FIRED SUPERHEATERS 


For yet wider control ranges, and 
certain freedom from -slagging and for 
precise steam-temperature control, irre- 
spective of feedwater temperature, fuel, 
or excess air, twin-furnace boilers con- 
sisting of a separately fired superheater 
furnace in parallel with an otherwise 
similar boiler furnace have found appli- 
cation in the last 15 years. They have 
been used in situations where rigid 
steam temperature control requirements 
had to be met under all conditions with 
good or bad fuel. Some of these units, 
ranging in size from 40,000 to 750,000 
Ib. per hr., have been in marine and 
stationary service since 1936. Numerous 
additional marine units of this type for 
capacities of over 100,000 Ib. per hr. 
and large stationary installations for 
capacities of 450,000 to 600,000 Ib. per 
hr. with final steam temperatures of 910 
to 950 F., maintainable over load ranges 
of about 6 to 1, have also been built. 


The stationary units, of which Fig. 9 is 
typical, were designed with much lower 
gas furnace-exit temperatures than 
would be practical with conventional 
single-furnace units having convection 
superheaters for the same range of 
steam temperature control. 


The superheater side consists of a 
completely water-cooled furnace except 
for the inside wall, which is completely 
covered by the radiant section of a com- 
bination superheater. The radiant-con- 
vection sections of the superheater form 
integral elements requiring no intercon- 
necting piping. Alternate tubes of the 
radiant section are connected to the 
steam drum at the top and take satu- 
rated steam from it after complete puri- 
fication within the drum. The steam 
flows downward to a return header at 
the bottom, then upward through the 
adjacent radiant-superheater tubes, their 
integral convection elements, and to the 
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Ficure 8. Comparison of combination and convection superheater 
characteristics for unit shown in Fig. 7. 


outlet header. The radiant and convec- 
tion heat-absorbing surfaces are so pro- 
portioned as to produce a final steam 
temperature which deviates insignifi- 
cantly from the desired value over the 
entire load range. The small deviation 
is corrected by adjusting the rate of 
firing of the superheater furnace. The 
final steam temperature depends only 
upon the steam flow through the super- 
heater and the firing rate in the super- 
heater furnace. Hence the final steam 
temperature may be altered at will by 
firing more or less fuel in this furnace. 
Fuel is fired at the top with short-flame 
burners. Gases pass downward and out 


of the furnace through an ash screen 
near the bottom into the convection 
superheater. After passing through the 
superheater they flow upward into the 
economizer. Saturated steam alone may 
be produced, if desired; by firing the 
boiler furnace and not firing the super- 
heater furnace. 


The boiler furnace is like the super- 
heater furnace, except that the inside 
wall is a waterwall and the gases, after 
passing out of the furnace through the 
ash screen, flow upward through steam- 
generating surface instead of the super- 
heating surface. The superheater side 
and the boiler side are separated by a 
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Secu: 9. Foster Wheeler twin furnace superheat control boiler. (Capacity 600,000 tb. per 
hr., 900 F final steam temperature at 900 psi, 15 to 100 per cent load.) 
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Figure 10. Characteristics of twin furnace superheat control unit. 


vertical baffle which guides the gases 
from each side into the economizer 
without mixing before reaching the 
economizer inlet. The boiler side is 
generally so proportioned that the gas 
temperatures leaving boiler and convec- 
tion superheater are nearly the same. 


Should the feedwater temperature in- 
crease, the firing rate of the boiler only 
is increased. Fig. 10 shows, on the right, 
the comparative firing rates of the two 
furnaces for a constant steam tempera- 
ture from 15 to 100 per cent load with 
specified feed temperatures. If the feed- 
water changes from that specified, the 
firing rate of the superheater furnace 
need not be changed as long as the 
steam temperature required remains un- 
changed, but the firing rate of the boiler 
furnace must be changed as indicated 
at the center of Fig. 10. 


If it is desired to change the steam 
temperature, the firing rate of the super- 
heater furnace is changed as indicated 
at the left of Fig. 10. 


The manual or automatic control of 
a twin-furnace boiler of this type is 
very simple. Each pulverizer is provided 
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with two exhausters, having independ- 
ent output controls. One exhauster sup- 
plies fuel to burners in the superheater 
furnace, the other to burners in the 
boiler furnace. The required steam out- 
put is maintained by controlling the 
total fuel to the two furnaces, increas- 
ing or decreasing simultaneously the 
output of the two exhausters as required. 
If the steam temperature deviates from 
that desired, the required correction is 
made by diverting more or less fuel to 
the superheater furnace as the steam 
temperature falls or rises. As may be 
seen from the right-hand chart in Fig. 
10, the amount of fuel to each furnace 
is the same at full load. The deviation 
from equality as the load decreases is 
small and very little control is required. 
Control may be manual or automatic. 


Twin-furnace units of this type have 
the advantage that in a given furnace 
volume 20 to 50 per cent more furnace- 
wall cooling surface may be installed, 
hence a lower furnace-exit temperature 
may be readily maintained than in con- 
ventional units which have the same 
total furnace volume. 
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Ficure 11. Convection superheater temperatures. (Twin-furnace unit, 750,000 Ib. per hr., 
925 F final steam temperature, 30 to 100 per cent load, at 1325 psi.) 


PROTECTION OF 


The life of a superheater, whether of 
the all-convection, radiant or combina- 


- tion type, assuming a steam supply of 


utmost purity, depends upon the care 
used in its design and operation. 

Superheater tubes may be damaged 
in service because of inadequate steam 
flow through them, as a result of the 
superheater being designed for a pres- 
sure drop that is too low. This often 
results in poor steam distribution be- 
tween the elements, especially at low 
output rates. Local high-temperature 
gas concentrations in portions of the 
superheater, due to poor firing condi- 
tions in the furnace or partial slagging 
of the superheater, may cause exces- 
sively high localized metal tempera- 
tures. 

Figure 11 summarizes temperature 
measurements made on the outlet ends 
of elements of a large convection super- 
heater of the pendent type with good 
as well as bad gas and steam distribu- 
tion. This superheater installed in a 
750,000-Ib. per hr. unit delivers steam 
at 1325 psi and 925 F. The elements in 
the hot section of the superheater are 4 
to 6 chrome stabilized with titanium. 


SUPERHEATERS 


The limiting metal temperature for 1 
per cent creep in 100,000 hr. is 1075 F. 
The steam flow per element in this in- 
stallation is unusually high. Neverthe- 
less, the steam leaving some of the ele- 
ments, when firing conditions and gas 
distribution were poor, approached the 
creep-limit temperature, indicating that 
metal temperatures in these particular 
elements probably exceeded the creep 
limit. With good firing conditions tem- 
perature variations from the mean were 
reasonably low with a comfortable mar- 
gin below the creep limit. Experience in- 
dicates that past tendencies limiting 
superheater pressure drop to low values 
were unwise. Experienced operators now 
readily accept superheater pressure drops 
of 75 to 100 psi and even higher for tem- 
peratures above 850 F., when control 
ranges are wide. 


Even a properly designed superheater 
may be damaged if the starting proce- 
dure is carelessly handled. Probably 
more superheaters are damaged while a 
steam generator is being placed in oper- 
ation when little or no steam is flowing 
through the superheater than at any 
other time. The risk of such damage 


607 


SES 
LEGEND 
end- 
ater 
out- 
the 
eas- 
the 
ired. 
rom 
n is 
1 to 
eam 
be 
Fig. 
nace 
tion 
Ss is 
ired. 
lave 
nace 
ace- 
lled, 
ture 
con- 
ame 
“ 


SUPERHEAT CONTROL 


may be minimized by limiting the firing 
rate while bringing the boiler up to 
pressure so that the gas temperature at 
the superheater does not exceed 1000 F. 
This temperature for any particular unit 
depends primarily upon the firing rate. 
The time required to bring the boiler 
up to pressure is equal to the heat ca- 
pacity or “water equivalent” of the unit 
at pressure minus its water equivalent 
at the start, divided by the rate of heat 
inflow to the structure which is pro- 
portional to the firing rate. 


When auxiliary oil or gas burners 
are used for bringing a boiler up to 
pressure, the number and capacity of 
the burners may be so selected that the 
burners may be lit and kept firing con- 
tinuously at the required rate until the 
unit is up to pressure. However, if the 
unit is “direct-fired” with pulverized 
coal, the minimum stable pulverizer and 
burner capacity may exceed the firing 
rate permissible if the limiting gas tem- 
perature at the superheater is not to be 
exceeded. The unit must then be brought 
up to pressure more carefully by firing 
intermittently, as shown in Fig. 12, 
which is typical of the unit shown in 
Fig. 2. The length of the on and off 
periods is so selected that the proper 
total time as previously defined is taken 
to bring the unit up to pressure. Tem- 
perature equalization takes place during 
off periods throughout the unit, minimiz- 
ing the effects of possible inequalities in 
heat absorption of adjacent parts and 
resultant damaging thermal stresses 
while circulation is being established 
uniformly in waterwalls and steam- 
generating tubes. If adequate vent and 
drain valves are provided and used on 
the superheater, some steam flow through 
the elements will be established as soon 
as the steam pressure in the unit ex- 
ceeds atmospheric pressure. This flow 
progressively increases as the pressure 
increases. 


Sometime the vents are connected to 
a condenser which not only accelerates 
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Ficure 12. Intermittent firing of steam 
generator for protection of superheater 
while starting. 


the steam flow through the superheater, 
thus increasing the protection, but 
serves as a means of preventing con- 
densate loss. When the condenser type 
of superheat control is used, the con- 
denser provides a means of keeping the 
superheater flooded with pure con- 
densate during the firing-up process, . 
assuring certain protection for the 
superheater. Flow of condensate through 
the superheater is controlled by means 
of a vent valve on the outlet header. 


Radiant superheaters in conventional 
single-furnace units are favored when 
starting by bringing the unit up to 
pressure with the burners most distant 
from the radiant superheater. With ade- 
quate venting facilities, and particularly 
if the condenser type of control is used 
and the radiant superheater can be kept 
flooded with condensate, adequate pro- 
tection may be obtained until the unit 
is up to pressure. In twin-furnace 
boilers superheaters cannot be damaged 
when starting because no fuel is fired 
in the superheater furnace until the unit 
is up to pressure and steam is flowing 
through the superheater. 


Properly designed. radiant super- 
heaters are as safe from damage in 
normal operation as properly designed 
convection superheaters. As a rule, 


maximum metal temperatures in radiant- 
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SUPERHEAT CONTROL 


superheater elements can be kept at a 
safer low level than in outlet legs of 
most high-temperature convection super- 
heaters, because it is customary to use 
the radiant section as the primary super- 
heating stage through which the coldest 
steam is passed. With a reasonably high 
pressure drop and adequate steam flow 
per element over the operating-load 
range, it is possible to keep metal tem- 
peratures well below the creep-limit 
temperature. This is quite important, 
because it is no more possible to have 
the rate of heat absorption by radiation 
uniform over all the radiant heat- 
absorbing surface in a furnace than it 
is possible to have each square foot of 
convection superheater absorb heat at 
exactly the same rate. Therefore, it is 
the maximum, not the mean, metal tem- 
perature which determines the safety of 
any heat-absorbing surface. 


Figure 13 shows how the element out- 
let temperature varies along a radiant 
superheater of the 750,000-Ib. per hr. 
high-pressure twin-furnace unit already 
referred to. Corresponding furnace gas- 
temperature measurements serve as an 
index to these variations. The steam 
flow through the elements of this super- 
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Ficure 13. Radiant superheater tempera- 
tures. (Twin-furnace uni, 750,000 Ib. 
per hr., 925 F final steam temperature at 
1325 psi, 30 to 100 per cent load.) 


heater is sufficiently high so that the 
maximum metal temperature, even in 
the hottest elements, is well below the 
creep-limit temperature at all loads. 
These elements are made of stabilized 
4 to 6 chrome. 


SUMMARY 


A high steam temperature may be 
maintained constant over a wide load 
range with a convection superheater of 
reasonable size only by tolerating a high 
furnace gas-exit temperature. 


If high furnace-exit temperatures can- 
not be tolerated because slag-forming 
fuels are to be burned, a reduction in 
the control range of the convection 
superheater must be accepted. 


If neither a high furnace-exit tem- 
perature nor a limited control range can 
be tolerated, it is advisable to use.a 
combination radiant - and - convection 
superheater, preferably in a twin-furnace 
type of unit with the combination super- 
heater separately fired. 


For regulating steam-temperature 
controls of the by-pass, desuperheater, 
or condenser types may be used for con- 
ventional superheater installations. Units 
of the twin-furnace type with separately 
fired superheaters are controlled by dif- 
ferential firing and such units can be 
designed for lower furnace-exit tem- 
peratures and wider control ranges than 
conventional units. 


Damage to superheaters in operation 
and during starting up may be avoided 
by proper care in equalizing gas and 
steam distribution to the superheater 
and by proper manipulation of the firing 
equipment and superheater when start- 
ing. 
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ATOMIC ENERGY— 
INDUSTRIAL PARADOX 


plants. 


ACKNOWLEDGMENT 


Mr. Expon C. Suovup, the author of this article, former Director, Brookhaven 
National Laboratory, is now associated with Cresap, McCormick and Paget. He 
discusses the possibilities of progressive private ownership of atomic energy 


Strangely enough it is not the scien- 
tific complexities of atomic energy but 
the problems of economic organization 
which are proving more than a match 
for our American ingenuity. 


We pride ourselves in this country on 
having organizational know-how, but 
we have failed signally to organize the 
business side of the atom. We are spend- 
ing billions willingly at home and over 
the world to preserve, among our other 
freedoms, our free enterprise system. 
Yet in this sixth year after Hiroshima 
we are still shaping this great new in- 
dustry as a tight government monopoly. 
Almost heedlessly, and with the force of 


duly appropriated public money, we are 
planting the roots of atomic energy 
firmly in the soil of state socialism. 


Any less categorical statement than 
this of the existing situation would sim- 
ply ignore the facts. It should be em- 
phasized at the outset, however, that 
under existing circumstances, notably 
the restrictions imposed by the Atomic 
Energy Act of 1946, the Atomic Energy 
Commission has done what it could to 
encourage management participation by 
industry in the program of atomic 
energy development. New legislation is 
needed without delay. 


GOVERNMENT OWNERSHIP GREW UNCHECKED BECAUSE OF UNIQUE CIRCUMSTANCES 


The birth and early development of 
usable atomic energy took place under 
drastically different conditions than 
those surrounding the beginnings of any 
other industry of its importance. It 
broke on the consciousness of the Amer- 
ican public all at once, having been the 
subject of one of the world’s best kept 
secrets. The dual role which it was to 
play as a source of devastating military 


weapons and as an economic resource 
of tremendous importance was grasped 
by only a few, and by those only in 
theoretical terms. Its military impor- 
tance completely overshadowed its non- 
destructive possibilities in the minds of 
most. 


In terms of financial investment, 
atomic energy was a giant when the 
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public first learned about it. Taken in 
conjunction with the prevailing ideas 
regarding security control, this fact had 
major influence on those provisions of 
the Atomic Eergy Act of 1946 which 
preserved monopoly of ownership in 
the government. The adoption of such a 
national policy, under the circumstances, 
was hardly surprising; it is both sur- 
prising and disheartening that in the 
intervening five years the accumulation 
of new understanding has not resulted 
in a stronger movement to place the 


ownership of non-military production in 
private industry. 


The lethargic attitude of the general 
public, and particularly of industrial 
leaders and of Congress, toward this 
unfortunate national policy is doubly 
serious because of what it portends for 
the eventual state of the atomic energy 
industry and for other industries which 
may be influenced by its fate. The lack 
of public clamor can only be accounted 
for by a state of unawareness and con- 
fusion. 


Protection for experimenters is provided by this “hot cell” in which handling of radio- 
active materials is done by remote control. One of three such cells at Brookhaven, 
it is lined with stainless steel backed with concrete walls three feet thick. The 
doors in which the periscopes are set are hydraulically operated, self-sealing slabs 
of steel one foot thick and weighing eleven tons. 
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IS IT TOO LATE TO “AMERICANIZE ATOMIC ENERGY” ? 


It is not hard to state the reasons for 
this lack of public awareness; it will be 
extremely difficult on the other hand to 
undo or remove them. The most sweep- 
ing reasons, referred to many times by 
David Lilienthal, is the nearly universal 
attitude that “atomic energy is not my 
business.” It is the business of the 
military and of a few high civilian offi- 
cials of the government. This pervading 
idea has prevented all but the hardiest 
from making any serious effort to be- 
come informed. 


As a practical result, few people out- 
side the ranks of the government and its 
contractors have the degree of knowl- 
edge of atomic energy’s economic and 
political problems which citizens nor- 
mally have about important national 
issues. This is lamentable but it is, 
nevertheless, a fact. 


Is there still time to change the eco- 
nomic and political orientation of this 
vastly ramified industry? Are the rea- 
sons for government ownership so over- 
whelming as to make efforts at this late 
date futile? There is still time and the 
obstacles while great are not insupera- 
ble. But every month of delay and every 
million dollars of new government in- 
vestment will make the undertaking 
more difficult and the outcome more 
uncertain. 


The problem is to disentangle the 
strictly military application portions of 
the chain of industrial processes from 
the whole and to convert all other parts 
in some equitable manner to private 
ownership. The actual assembling of 
atomic weapons using components pro- 
duced in privately owned plants can and 
probably should be carried out in gov- 
ernment arsenals. Here new develop- 
ments, improvements, final assembling 
and testing can be carried on as a re- 
lated program and under complete gov- 
ernment security control. But the pro- 


duction of | fissionable components, 
should be financed and managed by 
private agencies on a competitive basis. 


For this change to have a practical 
chance of success will require an under- 
standing on the part of industrial, gov- 
ernmental and financial leaders of the 
economics of the industry and of its 
future commercial possibilities. Unless 
it can be seen that there is an opportun- 
ity to protect investments and to earn 
a return, the necessary incentive will 
not exist. Certain changes in the Atomic 
Energy Act and in governmental execu- 
tive policies can make the development 
possibilities inherent in the industry 
apparent to investors. 


In principle the basic problem is no 
different here than in older, big indus- 
tries such as the steel and explosives in- 
dustries which supply the materials for 
older type weapons. The technical, or- 
ganizational and economic problems 
are different but they can be worked out 
by a sufficiently positive attack. Fis- 
sionable Uranium 235 and Plutonium 
can be used either as bomb components 
or as sources of heat and electrical 
energy. These highly concentrated and 


valuable substances are produced at the’ 


end of a long chain of processes involv- 
ing mining, ore processing, metal refin- 
ing and preparation, isotope separation 
and reactor (atomic furnace) opera- 
tion. Most of the government’s invest- 
ments and operating costs under the 
present system are accounted for in 
these processes. All of them in time can 
be appropriately undertaken by private 
industry. If addition to the economies 
which should derive from competitive 
operation of the presently known proc- 
esses there are expected to be many by- 
product benefits. from such unused 
sources as radioactive wastes or from 
new discoveries. 
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PRESENT INDUSTRIAL ACTIVITY IN THE ATOMIC ENERGY FIELD 


If atomic energy could have had a 
normal industrial development, the cus- 
tomary working out of the enterprise 
system would have resulted during the 
last five years, first in the wide accumu- 
lation by executives of essential busi- 
ness facts and, second, in steps to de- 
velop profitable investment. This has 
taken place only to a limited degree. 
Private investment in enterprises re- 
lated at all directly to the atomic energy 
development has been completely 
dwarfed by the government’s expendi- 
tures. These have been at an annual rate 
of approximately three quarters of a 
billion dollars. Authorizations since 
the Korean episode have greatly in- 
creased these amounts. 


The Atomic Energy Commission’s 
policy of utilizing the skills of industry 
through contracts has brought a con- 
siderable number of firms into atomic 
energy work as contract managers or as 
vendors. Four groups or classes of 
business are involved : 


In the first class are the few big oper- 
ating contractors: General Electric, 
Union Carbide, du Pont, Monsanto, 
American Cyanamid, Westinghouse and 
Western Electric. These operate the 
government’s vast facilities and labora- 
tories at modest financial profit or at no 
profit but with advantages in gaining 
know-how. 


The second group includes engineer- 
ing and construction companies, sup- 


pliers of “brick and mortar” and thou- 
sands of staple and specially made 
products to the government and _ its 
prime contractors. These have enjoyed 
added volume in their normal lines of 
business. Operations for this group as 
for those in the first have involved a 
minimum of risk-taking and no non- 
recoverable investment. 


In group three is a sizable number 
of firms which have worked under con- 
tract on development of specific ma- 
chinery, materials and engineering de- 
sign for the government. While these 
jobs have been the source of substantial 
dollar volume for the firms involved 
and have helped in spreading technical 
knowledge, the risks and the initiative 
have been assumed by the government. 


The fourth group which is compara- 
tively small is made up of new entre- 
preneurs who have founded businesses 
on such things as the sale of instruments 
or the sale of technical service con- 
nected with the use of isotopes. New 
departments started by already estab- 
lished firms belong in this group. Dis- 
tinguishing this group from the others 
is the success of their company manage- 
ments in finding and seizing opportuni- 
ties to invest risk-capital in something 
connected with the atomic energy “in- 
dustry.” How to bring about expansion 
and acceleration in this direction is the 
problem which should be faced as a 
major issue of national policy. 


OPPORTUNITIES FOR INVESTMENT BY INDUSTRY AND OBSTACLES TO BE OVERCOME 


It has been widely stated in general 
terms that atomic energy will have a 
profound influence on the industrial 
economy of the future. There can be 
little doubt that the accuracy of this pre- 
diction will be borne out. The questions 
are “when” and “how.” Today there 
are many unknowns in the situation, the 


largest of which concerns the kind of 
relationship which will finally be worked 
out between government and private 
enterprise. Notwithstanding this unset- 
tled major issue there are even now 
many more opportunities for private 
firms to enter some branch of the atomic 
energy field than is commonly believed. 
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ATOMIC ENERGY 


This statement is made in the face of 
knowledge that businessmen generally 
believe that profit possibilities in atomic 
energy are unattractive and that obsta- 
cles are too great. These beliefs stem 
from the prevailing aura of mystery and 
from lack of information. The absence 
of a more positive attitude and of more 
aggressive efforts to enter the field in 
some manner is undoubtedly attributa- 
ble to them. 

Security restrictions seem to head the 
list of obstacles in the minds of many. 
These relate to limited availability of 
information, delays in clearing person- 
nel, costs of policing operations and of 
safeguarding fissionable materials. The 
actual impediments in this situation are 
not as great as they are often assumed 
to be, and they can be further reduced 
by constructive proposals from indus- 
try’s side. 

The hazards of radioactive damage 
to personnel and property is another 
deterring factor. Protective measures 
such as shielding of apparatus, protec- 
tive control of radioactive wastes and 
the special training of personnel give 
rise to unusual costs. But the problems 
are proving manageable and the mone- 
tary costs tend to bear alike on all par- 
ticipants in the field. 

The high costs of processing equip- 
ment for dealing with radioactive mate- 
rials, the unavailability of these mate- 
rials from the government and the 
shortage of technically trained person- 
nel have been serious obstacles. In ad- 
dition there has been a tendency to re- 
main aloof from the field on psycho- 
logical grounds. Possible involvement 
in F.B.I. investigations tends to dampen 
enthusiasm for a commercial endeavor 
when it can be avoided simply by en- 
gaging in something else. In general 
the obstacles to undertaking atomic 
energy work have actually been less 
formidable than businessmen have be- 
lieved them to be. 

Too often it is assumed that the gen- 
erating of electric power is the only 


ALL OF THESE PLANTS Hoe NECESSARY BEFORE 
THE NUCLEAR CAN FUNCTION 


NUCLEAR POWER PLANT 


A sketch of the L of fi ng atomic 


commercial possibility in the future of 
atomic energy and that its achievement 
on an economical basis is several or 
many years away. Power may or may 
not prove to be the greatest beneficial 
product of atomic energy. It is far too 
early to know what the relative impor- 
tance of different developments will be. 
But even the most cautious must see that 
the sum of the many industrial, medi- 
cal, research and power uses of this tre- 
mendous new energy resource will pro- 
foundly affect future industry and life. 


Already a business of respectable 
proportions has been development in 
the production, refining and distribu- 
tion of low-energy radio isotopes for 
industry, hospitals and research institu- 
tions. Development and sale of special 
detecting, measuring and recording in- 
struments for use in radioactive work 
have progressed rapidly also. A cata- 
logue issued in 1950 listed some eighty- 
two firms as sources of such instru- 
ments. 


Exploration of the industrial and re- 
search uses of high-energy radioactive 
materials which exist in great quantities 
as “by products” of the present pro- 
duction processes, is only just getting 
started. The potential in this field is not 
known but may prove to be very large. 
Its development can get under way in 
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ATOMIC ENERGY 


earnest when the government becomes 
persuaded that it is in the national in- 
terest to make materials and techno- 
logical information available. 


Similarly the important field of nu- 
clear reactor operation can have the 
benefit of competitive cost reduction 
and industrial engineering efforts when 
the necessary changes in government 
policy are made to allow industry to 
own fissionable materials and reactors. 


If the beneficial uses of atomic energy 
are to have a chance to develop at all 
rapidly and if this industry is to take 
its place as part of the free enterprise 
system, initiative will have to be pro- 
vided from private sources. The agen- 
cies of the government responsible for 
atomic energy are occupied with opera- 
tional problems, the accomplishment of 
which is their principal concern. 


It will not be easy to devise plans 
which will make it profitable for pri- 
vate investors to own and operate the 
plants now belonging to the govern- 
ment. Nor will it be easy to split up the 
largest installations so as to avoid un- 
due economic concentration. But these 


and the many other attendant problems 
should be taken up responsibly by the 
business community without further de- 
lay. 


Solutions can be found. The failure 
to do so leaves only the alternative of 
perpetuated, tight government monop- 
oly of this new great energy resource 
which, properly developed, holds the 
promise of untold benefits for mankind. 
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SHORTAGE OF ENGINEERS 


THE DEVELOPING CRITICAL 
SHORTAGE OF ENGINEERS 
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Our country is once again obliged to 
arm in an effort to preserve peace and 
to prepare for attack if it should come. 
No thinking person fails to grasp the 
fact that we are greatly outnumbered 
and that our chances of survival are 
dependent upon our ability to | out- 
design, out-develop, out-produce, and 
out-perform our enemies. At the same 
time that we are preparing for possible 
large-scale war, we must maintain, on 
a more efficient basis than ever before, 
our civilian functions. Moreover, we 
must prepare for eventual attack on our 
cities and on our industries and for 
the invasion of our homeland. 


World War II brought to public at- 
tention the extent of the contribution to 
the war effort of the scientists and en- 
gineers. We could not have fought, 
much less won, that war without the 
vast equipment planned, developed, built, 
and operated by engineers. Not only 
have the engineers provided the coun- 
try with the labor-saving devices, the 
means of transportation, communication, 
production, and distribution in peace- 
time, but they have also provided the 
special versions of all these services for 
war. The engineers design, develop, pro- 
duce, and operate the ships, the planes, 


the guns, missiles, rockets, and ammuni- 
tion, the tanks and armored vehicles, 
the radio, radar, sonar, loran, and other 
devices of communication and detection, 
the vast transportation facilities needed 
in warfare. They are clearly indispens- 
able. 


But we are short of engineers. As we 
advance in the war preparations the 
shortage will be greater. As one con- 
templates the dependence upon engineers 
in the task before us the seriousness of 
a shortage in this part of our manpower 
becomes evident. It comes about because 
there has been a falling off in enroll- 
ments in engineering colleges, largely 
due to a widely and erroneously held 
belief that engineers were in oversup- 
ply. The shortage will deepen if en- 
gineers are drafted or called up as re- 
servists and used in positions for which 
engineering training and experience 
are not mandatory. 


The accompanying chart presents the 
essential factors in the outlook for sup- 
ply of engineering graduates. The lower 
curve shows the annual output of the 
engineering colleges of the country for 
the academic years 1935-1936 to 1950- 
1951. It shows that from 1942 through 
1945, the country, through its mistaken 
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SHORTAGE OF 


manpower policy, all but stopped the 
operation of engineering education. That 
is the reason why industry today is not 
successful in finding critically needed 
engineers with 5 to 10 years’ experi- 
ence. They were not produced at the 
rate they should have been. 


Beyond 1950 a dotted line shows the 
estimated number of graduates to be 
expected if the schools operated without 
any withdrawals by Selective Service. 
It represents the most optimistic pro- 
duction possible, at least until 1954, 
since all classes graduating up to that 
year are already enrolled in the col- 
leges. 


Since the number of graduates de- 
pends upon the number entering the 
colleges, the curve of freshmen is shown. 
Again is evident the low enrollment of 
freshmen of the war years, many of 
whom were taken out of college for 
military service. Following the war, the 
veteran benefits program brought the 
unprecedented number of 91,000 fresh- 
men into the colleges in the fall of 1946. 
These did not come direct from the high 
school graduations in that year, but 
represented an accumulation of high- 
school graduates who, for several years, 
had not been permitted because of the 
draft to proceed with college training. 
Since 1946 the numbers of freshmen 
have fallen rapidly until in 1950 there 
are enrolled about 30,000. 


Beyond 1950 there is shown a dotted 
line indicating estimated freshman en- 
rollment. This estimate was made be- 
fore the Korean War, and was based 
on normal peacetime expectancies. It 
is seen that the actual enrollment for 
1950 did not reach the estimate, due 
largely to widespread rumor that the 
engineering field was oversupplied. 


The present situation already shows 
tightness in all fields and critical short- 
ages in many. Industry has absorbed the 
last two graduating classes of nearly 
50,000 each and is hotly contesting for 
the 30,000 that will. graduate in 1951. 


ENGINEERS 


Many of the graduates are in ROTC 
programs and may thus go direct to 
military service. A large number have 
draft postponements and will be sub- 
ject to call in June, if not before. Still 
others are veterans. 


On Aug. 3, 1950, the Secretary of 
Labor placed all branches of engineer- 
ing on the list of critical occupations. 
In all the major branches, the shortage 
of engineers is becoming progressively 
more critical, especially in aeronautical, 
chemical, electrical and mechanical 
manufacturing fields) Men with a few 
years of experience are almost unob- 
tainable. 


In normal peacetime it is generally 


‘accepted that at least 20,000 graduates 


are required annually. In the present 
situation it should be recalled that in- 
dustry has absorbed 50,000 engineers in 
each of the last two years; but some of 
these certainly take the place of those 
that could not be hired in war years 
because in those years they were not 
being produced except in small num- 
bers. Industry, however, does not have 
all it needs; and the military require- 
ments have not as yet been taken. It 
thus appears that the minimum annual 
need is not less than 30,000 engineer- 
ing graduates with use for many more 
if they should be available. 


How do we obtain not less than 
30,000 graduates yearly? First of all, to 
do so requires an annual input of 60,000 
freshmen. This is about double the num- 
ber entering engineering schools this 
year. How may twice as many high- 
school graduates be attracted to engi- 
neering scools? Are there that many 
among the high-school graduates who 
have an interest in engineering and 
who, at the same time, have the neces- 
sary aptitude and abilities? 


The numbers of male and female high- 
school graduates anticipated are shown 
at the top of the chart. It appears that 
between 1950 and 1958 there will be a 
10 per cent dip in the numbers graduat- 
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OUTLOOK FOR ENGINEERING GRADUATES 
(Actual and estimated enrollment by U. S. Office of Education. Needed freshmen and graduates estimated by S. C. Hollister.) 


ing so that the range is between 1,250,- 
000 and 1,130,000. We clearly cannot 
rely, therefore, upon an increase in out- 
put of the high schools to solve the 
problem. 


Except for the war and immediate 
postwar years, which were abnormal, 
the numbers entering engineering 
school since 1935 range from 2.7 to 3.1 
per cent of the total high-school grad- 
uating classes. On the basis of an aver- 
age high-school output of 1,200,000 boys 
and girls, 5 per cent would be required 
to produce 60,000 engineering fresh- 
men. This is about 10 per cent of the 


boys graduating from high school. There 
is some doubt whether the combined 
factors of aptitude, ability, and interest 
would be found in so high a percentage. 
It seems possible that the 60,000 fresh- 
men shown as needed on the chart may 
be at or above the available number 
that can be expected to enter engineer- 
ing. This brings home the clear fact 
that there is not, and there cannot be 
developed, an inexhaustible supply of 
engineering talent, but instead, the sup- 
ply is sharply limited. 


Nevertheless it is essential that all 
available avenues of information be 
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SHORTAGE OF ENGINEERS 


used to acquaint the high-school prin- 
cipals, high-school guidance counselors, 
and the high-school students themselves 
with the shortage and consequent need 
of engineers in all categories. It is vital 
to our security and welfare that such 
information reach these persons. 


What is significant to industry in the 
picture here set forth? It means that 
there will not be young replacements 
for engineering jobs vacated by the 
calling of reservists or of draftees. 
There will be only a partial supply of 
young engineers for new jobs as con- 
version, retooling, and war production 
may require. Intercompany pirating 
will only add to the difficulties of staff- 
ing. Robbing the colleges of faculty 
members for industrial jobs will surely 
dry up the supply and reduce the quality 
of training given by the colleges. 


It will be essential for industry to 
re-examine the functions of the engi- 
neering personnel and to make certain 
that each engineer is being used in the 
most effective manner possible. No en- 
gineer should be used in positions 
others can occupy as well. Supporting 
personnel, requiring less training, and 
experience, should be used to spread as 
far as possible the effectiveness of each 
engineer. 


Even competent supporting person- 
nel will be tight. It will be necessary 
to begin in-service training of such 
personnel and to engage women in so 
far as possible. The training programs 
of the last war will need to be re- 


established. None of these steps can be 
put off. The organization of industries 
must be streamlined now. 


Government agencies, including the 
armed forces, must take cognizance of 
the situation. Plans must be developed 
whereby the engineering manpower 
needs of the services and of industry 
may be so co-ordinated that both will 
be appropriately served from the limited 
supply. Industry has the job of support- 
ing the military. To assume that the 
military needs are paramount or exclu- 
sive would be a form of national sui- 
cide. 


A careful planning for utilization of 
men with engineering training and ex- 
perience only in categories where such 
training and experience are mandatory 
should be undertaken; although such 
can probably not be wholly achieved, it 
is in the interest of the total effort that 
such an objective be approached as 
nearly as possible. Sound policies relat- 
ing to deferment and the calling of 
reservists must be promulgated with 
the objective of maintaining a balanced 
utilization. 


It is reported in the technical press 
that the Russians, in their current five- 
year plan, are scheduled to have pro- 
duced 150,000 engineering graduates by 
the end of 1950. This matches our own 
output for the same period. During 
the next five years, however, we will 
drop by one third unless drastic action 
is taken to increase the supply of en- 
gineering freshmen and to continue the 
training operation in full force. 
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STEEL BALLS FOR LAUNCHING 


THE UTILIZATION OF STEEL BALLS 
FOR LAUNCHING 


standard launching lubricants. 
Engine-Builder,” April, 1951. 


ACKNOWLEDGMENT 


This article describes a Japanese development brought about by the shortage of 
It appeared in “The Shipbuilder and Marine 


Since the cessation of hostilities in 
1946, acute shortages of materials have 
been experienced throughout the world 
and, needless to say, the effect of these 
shortages has been especially marked in 
the defeated countries. 


In Japan, standard launching lubri- 
cants—grease, tallow, paraffin, etc— 
have been practically unobtainable. In 
the early post-war years, the shipbuild- 
ers, who were then permitted to build 
only small vessels, managed to transfer 
these craft to the water by means of 
tracks and rollers, and sometimes by 
heavy-duty cranes. 


It soon became evident, however, that, 
as shipbuilders were allowed to build 
larger vessels, these expedients’ would 
be inadequate, and, after much research, 
the technical staff of the Yokohama 
Shipyard and Engine works of the East 
Japan Heavy Industries, Ltd. (formerly 
the Mitsubishi Heavy Industries, Ltd.), 
evolved the steel-ball system, which is 
now the subject of Japanese Govern- 
ment Patent No. 177,590. 


With this system, the launching ar- 
tangements are similar to those adopted 
in standard launching practice, with the 
exception that, in place of the usual 


lubricant between the fixed and sliding 
ways, groups of steel balls are located 
at specified intervals, the balls being re- 
tained in position by special holders. As 
the vessel moves down the berth the 
balls rotate in special tracks arranged 
on the ground and sliding ways. A 
photograph of a vessel being launched 
by this method is reproduced in Fig. 1. 


Fig. 1.—Launching the ‘‘ Yama ”’ by Means of Steel Balls. 
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STEEL BALLS FOR LAUNCHING 


LAUNCHING EQUIPMENT 


Steel Balls. The balls are manufac- 
tured in high-chrome steel, the finished 
diameter of each ball being about 3% 
in., while its weight is about 6% lbs. 
Various tests were applied to check the 
strength of the balls under compressive 
loading. The results proved very satis- 
factory, no change in shape having oc- 
curred under a load of about 50 tons. 


Holders. Two types of holders are 
employed, viz., one to accommodate two 
rows of balls, and one three rows. A 
drawing of the two-row arrangement is 
reproduced in Fig. 2, while photographs 
of the three-row arrangement are repro- 
duced in Figs. 3 and 4. The holders 
are of inverted channel section, the toes 
of the flanges resting on the groundway 
track plate (q.v.). 


Tracks. The tracks arranged on the 
groundways and sliding ways consist of 
mild-steel plate, about 0.7 in. in thick- 
ness, to which are welded mild-steel 
bars (1 in. by 1 in.), chamfered at ‘an 
angle of 45 deg. on the inside face. 


Where the fore poppet accepts the 
maximum load, i.e., when the stern lifts, 
the plate thickness is doubled. 


SLIDING way 


STEEL BALL 


SECTION THROUGH WAYS. 


PLAN OF WAYS. 


Fig. 2.—Two-row Arrangement of Steel Balls. 


Friction of Equipment. The fric- 
tional resistance of the equipment may 
be considered to consist of the rolling 
friction of the balls and the sliding fric- 
tion of the holders. Actual data show 
that the frictional resistance can be re- 


: Figs. 3 and 4.- Three-row Arrangement of Steel Balls. 
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STEEL BALLS FOR LAUNCHING 


garded as being nearly in direct propor- 
tion to the launching weight involved, 
i.e. 


F= pW, 

where F = frictional resistance, 
W = launching weight, and 
= frictional coefficient. 


The value of yp, obtained from various 
tests and actual launchings, has been 
found to be in the neighborhood of 
0.025; the initial value of » appears to 
be rather smaller in most cases. 


General. The launching arrange- 
ments are similar to those employed in 
standard launching practice; in other 
words, the steel balls and tracks merely 
replace the usual launching lubricants. 
The make-up between the sliding ways 
and the hull of the vessel need not be 
modified in any way. 


Among the advantages claimed for 
the steel-ball system is that it is inde- 


pendent of temperature variation ; there- 
fore, as the possibility of sticking is 
eliminated, emergency hydraulic-ram 
equipment to initiate movement is un- 
necessary. 


The ball method of launching has 
been employed with much success at 
the Yokohama shipyard since 1947. 
Launching data for three vessels which 
have been set afloat by this method are 
given in the accompanying table. The 
Yama, which was the thirteenth vessel 
so launched, entered the water on the 
26th August, last year, and was water- 
borne in 41 sec. from the moment of 
release. 


In conclusion, it may be said that the 
method has proved efficient and eco- 
nomical. The balls, holders and tracks 
may be used repeatedly, special devices 
being fitted at the end of the ground- 
ways to collect those balls and holders 
which travel beyond the way-ends. 


LAUNCHING Data OF THREE SHIPS, LAUNCHED FROM 
THE YOKOHAMA SHIPYARD BY THE STEEL-BALL METHOD 


San Pedro 


Sakura. Yama. 


Maru. 


Length of cradle 

Declivity of ways 

Breadth of ways 

Total launching weight, tons 
Number of balls used 

Initial bearing load on one ball, tons 
Maximum launching speed, knots... 


543 ft. 9 in. 
473 ft. 6 in. 


1:20.5 
3 ft. 0 in. 
6234 
3402 
2.2 
11.61 


442 ft. 11 in. 
358 ft. 7 in. 
1:20.5 
3 ft. 0 in. 
3730 
2616 
1.72 
10.96 


436 ft. 4 in. 
358 ft. 7 in. 
1:20.5 
3 ft. 0 in. 
3770 
2616 
1.74 
11.40 
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I—ENGINEER’S SHORTCUT SOLVES 
; CUBIC AND HIGHER EQUATIONS 
AND ROOTS 


cS ACKNOWLEDGMENT 
Ss This reprint consists of three articles appearing in the June 1950, September 


rs STEINMAN, Consulting Engineer, New York, N. Y. Part I is a condensation of 
the author's original monograph scheduled to appear in a mathematics quarterly. 
This condensation elicited many comments from readers, resulting in the prepara- ' 
tion of a letter to the editor of “Civil Engineering,” reproduced here as Part II. 
In Part III, the author describes another method for solving the same problems | 


1- 1950, and February 1951 issues of “Civil Engineering.” The author is Dr. D. B. | 


discussed in Parts I and II 


A practical “engineer’s shortcut” 
whereby cubic and higher-degree equa- 
tions can be speedily solved, and higher- 
degree roots (cube roots, fifth roots, 


SOLUTION OF 


First, the method for solution of 
equations is explained directly by the 
use of numerical examples. 

Example 1: Cubic Equation 
= 542? + 2x + 3 
(25.5: 


2 10 54 
3 15 
809 


seventh roots, etc.) of given numbers can 
be easily extracted, in each case to any de- 
sired degree of accuracy has been devel- 
oped by the writer and is here presented. 


EQUATIONS 


The coefficient of +* is unity. The 
other given numerical coefficients (5, 
2, 3) are written diagonally across the 
rows and columns. The rows are writ- 
ten by multiplying the coefficient head- 
ing each row by the sequence of values 
of r, as these values become available. 
The values of r are written by adding 
the terms in each respective column. 


The values of r are the successive 
approximations to +, +7, +3, etc. 
Consequently the successive approxi- 
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SHORTCUT SOLUTION 


mations to * are given by the converg- 
ing ratios: 

_ 5, 27, 148 809 
or « 5, 54.548, 5466... . 


Stopping the computation at this point 
gives the answer correct to four sig- 
nificant figures. 


Example 2: Quartic Equation 


= 523° + 2 
2 
627 
=a = 5.016 


In this example, the coefficients of x? 
and x are zero. The corresponding rows 
are therefore omitted from the tabula- 
tion. The calculation is reduced to the 
ultimate in simplicity. 


Example 3: Quintic Equation 
= + + 27? +37 + 4 


10 100 1010 10220 103440 
1 10 101 1022 


2 20 202 
3 30 
4 
r= 10 101 1022 10344 104698 
104,698 
x 10,344 10.1216 


Simple arithmetic thus gives the answer 
correct to six significant figures. 


SPECIAL CASE OF UNIT COEFFICIENTS 


The application can be further simpli- 
fied in special cases. Thus, if all the 
coefficients in the expression for +” are 
unity, the tabulation may be omitted, 
and the values of r may be written di- 
rectly as a simple sequence in which 
each term is equal to the sum of the n 
preceding terms. 


Example 4: Quartic Equation 
+ + 74+ 1 


In this case, all the coefficients in the 
expression for +* are unity. Accord- 
ingly, the values of r are written di- 
rectly as a simple sequence in which 
each term is the sum of the four pre- 
ceding terms (since the equation is of 
the fourth degree). In fact, any se- 
quence written by this rule would con- 
verge to the same value of x, even if 
random numbers were used for the ini- 
tial values of r. The method is self- 
correcting. 


NON-CONVERGING CASE 


In all the foregoing examples, the 
absolute values of + were greater than 
unity—the necessary condition for con- 
vergence. If the absolute value of + is 
less than unity, substitute y = 1/+x, by 
simply reversing the equation. 


Example 5: Cubic Equation 
= 247 —5r +1 
Let = 
y 


= 


5 25 115 
—2 —10 
1 
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TO FIND THE NTH ROOT OF A GIVEN NUMBER 


x The transformed equation has the same 
ws numerical coefficients as the given equa- 
ala- tion, but im reverse order (with signs 
the 

NON-UNIT 
4 If the term of highest degree is mx” 
instead of +”, it is not necessary to 
divide all of the coefficients by m before 
applying the foregoing procedure. In- 
stead, the summation of each column is 
ee divided by m to obtain r. 
Example 6: Cubic Equation 
ver 1.223 = 6727 — +4 
dhe To expedite convergence, start with 
rd- approximate trial root. 

di- 

‘ich Example 7: Cubic Equation 
re- = 3x? + 4x — 1 

of 3 48 189 
se- 4 16 64 
on- —I-—l1 —4 
1 if 
ini- 
elf- 


To solve the equation +" = N, trans- 
form the equation to supply the missing 
terms and then solve by the foregoing 
method of convergents. A convenient 
transformation is x = a + 1/y, where 
a is an approximate root, usually the 
nearest integer to the required root. 


Example 8: Square Root 
To solve: x? = 7(= 3? — 2) 


3 9 


—0.5 


25.5 
—1.5 


SHORTCUT SOLUTION 


METHOD OF SPEEDING CONVERGENCE 


changed by transposition). Since the 
solution requires 1/y, the inverse r- 
ratios are used to give the reciprocal. 


COEFFICIENT 
30 145 
(m = 1.2) 
4 
mr. 6 29 144 
r= 5 24.17 120 
120 


In this case, m = 1.2. The summations 
mr are divided by 1.2 to give the values 
of r, which are used as the multipliers 
for the succeeding columns. 


1 4 16 63 249 


= 395 | 


The trial root is x, = 4; hence 1, 4 
16, are used as the first three values 
of r. By this shortcut, the number of 
steps is reduced, and the answer (of 
any desired accuracy) is reached with 
smaller numbers in the calculation. 


8.5 


8.5 
= 2.6458 


24 


This solution, to five significant figures, 
is actually speedier than the conven- 
tional method of extracting square roots, | 
uses smaller numbers, and gives the 
answer by slide rule. For roots of 
higher degree, the classical method is 
completely eclipsed. 


Example 9: Cube Root 
To solve: #3 = 67(= 48 + 3) 


| 
i 
. 


SHORTCUT SOLUTION 


Let 4+ = + 4y +5 
16 256 
1/3 
= 16 260 
16 
+ 4.0615 


The actual numerical work in this solu- 
tion, giving the answer (by simple men- 
tal arithmetic) to five significant fig- 
ures, can hardly be matched for brevity. 


Example 10: Fifth Root 
To solve: +° = 37(= 2° + 5) 


y> = l6y* + l6y® + 8y? + 2y +3 


44352 
16 256 


The answer is speedily obtained to 
five significant figures without going 
beyond the third coefficient. 


_ METHOD IS QUICK AND SIMPLE 


For the solution of cubic and higher- 
degree equations, and for the extraction 
of cube roots and higher roots of given 
numbers (without the use of tables), 
the shortcut method here presented 


II—Roots SoLveD BY 


My shortcut method (termed an 
“algorithm,” meaning a conveniently 
routinized numerical procedure) yields 
the root of a higher-degree equation by 
a sequence of convergents. The conver- 
gence may be oscillating, with succes- 
sive values alternately higher and lower 
than the limit but ‘with the difference 
progressively diminishing. 


If the sequence does not converge or 
converges too slowly, transformn the 
equation to augment or reduce the un- 
known and then apply the algorithm. 
Convenient transformations include: 


1. Substituting y = 1/x (by revers- 
ing the equation). 

2. Substituting y = kr. 

3. Substituting y = x + k (using 
synthetic division). 
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should commend itself to engineers for 
its speed and simplicity. The actual 
numerical operation has been reduced 
to a seemingly irreducible minimum. 


STEINMAN’S ALGORITHM 


If the equation has more than one real 
root, the direct application of the al- 
gorithm will yield the numerically high- 
est root; and, with y = 1/x, the algo- 
rithm will yield the numerically lowest 
root. After any root x, is found, divide 
the complete expression, f(z) = 0, by 
(x — x,) to reduce the equation, and 
repeat the operation to find the remain- 
ing roots. 


The writer’s method has been rigor- 
ously derived by writing the solution 
of a cubic (or higher degree) equation 
as a repeating continued fraction of 
novel type and then writing the succes- 
sive convergents in the form of an algo- 
rithm. A highly simplified derivation is 
as follows: Given an algebraic equation 
such as +* = ax? + bx + c, then the 
successive approximations are: 


8 
r= 16 272 4616 
272 
+—— = 2.0589 
|| 


+56 
+ be +e 


r 
= = + + cx 
r. = = ax* + + cx? 


The implied assumption is that the suc- 
cessive terms in the right-hand side of 
the original equation are of diminishing 
importance. Steeply ascending coeffi- 
cients and reversals of sign may rep- 
resent gross departure from this assump- 
tion so as to prevent convergence. An 
extreme case is a missing second term 
presented by a = 0. In all such cases, a 
simple transformation of the original 
equation eliminates the difficulty. (See 
examples 8, 9, 10, in the original arti- 
cle.) 


The writer’s method yields speedier 
convergence than Newton’s Method and 
greater speed and simplicity than any 
other known method. The only disad- 
vantage is that a transformation of the 
original equation is sometimes required. 
Against this, it should be noted that the 
conventional solution (by Horner’s 
Method) requires transformation of the 
equation for each successive significant 
figure in the answer, in addition to re- 
quiring the roots to be found by trial 
(by synthetic division) at each step. 


It is always possible to find or devise 
problems containing unfavorable rela- 
tionships so as to place a given method 
of solution at a seeming disadvantage. 
Nevertheless, the writer has not en- 
countered any problem in cubic or 
higher-degree equations that cannot be 
solved advantageously by his method. 
The most difficult problems that have 
been submitted by correspondents are 
solved by the following examples. 


Example D1: 
To solve: d? — 14d —12 = 0 


In this case, the necessary second 
term is missing. By trial, d is close to 4. 


SHORTCUT SOLUTION 
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=a 
=ar, +56 

= ar, + br, 

= ar, + br, + cr, 

= ar, + br, + cr,, ete. 


Hence, to supply the missing term, let 
d = 4 + (1/*). This transformation 
is conveniently given by synthetic divi- 
sion, thus: 


4) 1 0 —14 —12 


4 16 8 
2 
+ 32 
1 
4 
192 


Hence, 443 = 34 #2 + 127 + 1 
x3 = 8.542 + 3x + 0.25 


or 


8.5 72.25 
3 
0.25 
= 75.25 
8.5 
d=4+ 7525 = 4.113 


The complete numerical work is given 
above. 


Example D2: To solve: 
at = —14x3 + 478%? — 686x — 2401 


In this case the coefficients are steeply 
ascending, hence a transformation is 
needed to speed convergence. By trial, 
x is between 14 and 15. Hence a con- 
venient transformation is + = 14 + 1/y. 
This substitution is carried out by syn- 
thetic division as in the preceding ex- 
ample, yielding : 


4851y* = 6510y> + 1286y? + 70y + 1 
or 


1 
d to 
| 
; for 
ctual 
= | 
m. = | 
real | 
al- 
igh- k i 
west | 
vide 
, by 
ain- 
tion 
tion 
of 
ces- 
1 is 
tion 
|| 


y* =1.341y3+ 0.264y?+ 0.0144y+ 0.0002 


1.341 1.800 2.775 
9.264 0.354 

0.0144 9.0002 
= 2.064 3.1434 


No other method will give this answer 
(to five significant figures) with the 
same expedition. 


Example D3 : 
To solve: x? = 4.2x? — 30.9% + 293 


(This is the problem submitted by 
Anthony Hoadley, Assoc. M. ASCE, in 
the August issue, page 49). As in the 
preceding example (with steeply ascend- 
ing coefficients and reversals of sign), a 
transformation is needed to speed con- 
vergence. By trial, x is between 6 and 
7. Let x = 6 + (1/y). This substitu- 
tion (by synthetic division, as in Ex- 
ample D1) yields: 42.8y3 = 88.5y? + 


13.8y + 1, or (with slide-rule accu- 
racy ) 
y* = 2.07y? + 0.322y + 0.023 
2.07 4.285 9.536 
0.322 0.665 
0.023 
4.607 10.224 
4.607 
*=6+ = 641. 


Example D4: 
To solve: 8x3 = 9x? — 1 


By inspection, x = 1. Hence, divide 
the complete expression by (+ — 1), 
using synthetic division as follows: 


—9 0 1 
§ —i 


8 0 


Hence, 84? = x + 1. This quadratic 
equation may be solved either by the 


SHORTCUT SOLUTION 


conventional method or by the writer’s 
algorithm (substituting y = x + 1 or 
y = x — 1), yielding x = 0.4215 and 
* = —0.2965. (The sum of the three 
roots must equal the coefficient 9/8 in 
the original equation, and their product 
must equal the coefficient —1/8. 


Example D5: 
To solve: 44% = 18x? — 20x + 3 


The correspondent who submitted this 
problem found + = 1.5 by starting with 
this value as a trial root in the writer’s 
algorithm, but could not obtain con- 
vergence to this root when he started 
with x = 1.4 or 1.6. That is because 
this equation has a higher root + = 
2.823, which is given by direct applica- 
tion of the algorithm. To find the third 
root, substitute = (1/y) by simply 
reversing the equation, thus: 3y3 = 
20y? — 18y + 4. 


Application of the algorithm to this 
equation yields + = 0.177. When any 
two of the roots have been found, the 
third is given by the fact that their sum 
must equal the coefficient 18/4. 


Example D6: 
To solve: +3 — 100x —150 = 0 . 


To obtain coefficients in descending 
order (for speedier convergence), let 
x = 10y, yielding y? — y — 0.15 = 0. 

To supply the missing second term, 
let y = zs — 1, using synthetic division, 
thus : 


0 —1 —0.15 


1 


Hence, s*? = 3s? -—22+4 0.15 


Applying the algorithm yields s = 


2.07. Hence + = 102 — 10 = 10.7. 
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2.064 
14+ = 14.657 
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To obtain the other roots divide f(+) 
by (« — 10.7): 


10.7) 1 0 —100 


10.7 114 
1 10.7 14 
Hence, x? + 10.77 + 14= 0. 


—150 
150 


0 


Applying the algorithm yields + 
—9.17. The sum of the three roots must 
equal the coefficient (zero) of x? in the 
original equation. Hence, the third root 
is x = —1.53. For a check, the product 
of the three roots equals the absolute 
term (150) in the original equation. 


Example D7: 


One correspondent submits this cubic 
equation arising in his practice in struc- 
tural design: 


x? = 46.3522 — 361.54 — 1400 


Applying the algorithm yields +, = 
34.81 


Divide by (+ — 34.81), using syn- 
thetic division: 


III—S1mpie ForMvuLA SOLVES 


Interest in short-cut methods for 
solving cubic and higher equations and 
roots is considerable, judging from the 
many letters received by the writer in 
connection with his article in the June 
1950 issue (“Civil Engineering”) pre- 
senting his ‘algorithm or shortcut for 
this purpose. The method was further 
explained in his letter to the editor in 
the September issue (“Civil Engineer- 
ing”). Because of this widespread in- 
terest, another method has been devised 
by the writer for solving the same prob- 
lems and is here presented. 


Given any algebraic equation: 
max” = ax" + + + 


dx"-+* + (1) 


Then for any approximate trial root x,, 


34.81) 1 —46.35 +361.5 +1400 
34.81 —401.7 —1400 


1 —11.54 —402 0 
11.54% + 40.2. 


Applying the algorithm to this quad- 
ratic equation yields x, = 14.344. The 
sum of the three roots must equal the 
first coefficient, 46.35. Hence, +, = 
—2.804. 


Approximate trial roots, for speeding 
the convergence, may be found by 
roughly plotting the equation as y = 
f(*#); or by testing with synthetic divi- 
sion to find change of sign of the re- 
mainder. Thus, in the preceding exam- 
ple, synthetic division shows that there 
must be a root between + = 34 and 35, 
and another between + = 14 and 15. 
Partial application of the algorithm also 
yields an approximate value of the root, 
with which a new start may be made for 
expedited solution. 


In my more comprehensive monograph 
on the subject, the method is extended 
to include the numerical solution of 
imaginary roots. 


Hence, x? 


ALL Hi1GHER-DEGREE EQUATIONS 


a close approximation to the exact root 
is given by 


By repeating this operation, the solu- 
tion can be carried to any desired de- 
gree of precision. For engineering de- 
sign purposes, a single application of 
the formula will usually suffice. 


Equation 2 is a universal formula, 
with no exceptions. It will generally 
yield speedier convergence than any 
other known method. It is directly ap- 
plicable to each real root of an equa- 
tion. No transformations of the equa- 
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SHORTCUT SOLUTION 


tions to supply-amissing terms or to 
reduce the roots are required. Its sim- 
plicity of application is illustrated by 
the following examples. 


Example 1: x? = 3x — 0.5; x, = 3. 


_ 8(3) 


5 35 2823 


Example 2: #® = 3x7 + 44 — 1; 
= 4. 
8 3 


= 


= 3.949 


4 
16 64 


Example 3: «* = 5#3 + 2; x) = 5. 


5 
125 633(5) = 5.016 
1+ 
625 


Example 4: = 10x* + #3 
2x? + 3x + 4; 4, = 10. 


= 
12 20 
10 + + * T0000 
9 16 
i100 + tooo 10000 * 100000 
10.274 
= = 10.1216 


Example 5 (cube root): #* = 67; 
= 4. 

_ 0+ 201/16 201(4) 
1~ 1+ 134/64 198 


In each of the foregoing numerical 
examples, the first trial gives the an- 
swer correctly to the number of sig- 
nificant figures shown. The following 
example illustrates the powerful con- 
vergence of the method: 


= 4.061 


Example 6: 2x3 = 9x7 + 10x — 
12. (One root, x = —1.5) *, = 5. 


2s 
25 125 


X, = 5.236, x, = 5.2360679775 
(11 significant digits) 


The next substitution would yield + 
to 28 significant figures. 


To find the other root, x, = 08 


0.8 0.64 
,= = 0.76 
2+ 
0.64 (0.512 
fo = O76, x, = 0.7639 
x, = 0.7639, x, = 0.76393202 
x, = 0.76393202, 


x, = 0.7639320225002103 
(16 significant digits) 


The next substitution would yield + 
to 32 significant figures. The sum of 


the three roots rae = me and their 
m 


—12 


product is are 

The foregoing method is directly ap- 
plicable to negative and fractional roots. 
In some cases of small fractional roots, 
it may be desirable (though not neces- 
sary) to reverse the equation and to 
solve for 1/x. 


Example 7: 4*%3 = 18%? — 20x + 
3. (One root, x = 1.5) 


x 


323 = 20s? — 182 + 4 (reversed 
equation ) 


= 6 
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$6216 0170 


In applying Eq. 2, the numerator and 
the denominator may be conveniently 
evaluated by synthetic division. 


Example 8: 8x3 = 20%? — 4x + 1; 


#, = 25. 


25) 200-8 3 0 
50 105 270 


20 42 108 270 
25) 


DERIVATION OF THE FORMULA 


The philosophy and the derivation of 
the method represented by Eq. 2 are 
illustrated in Figs. 1 and 2. The given 
Eq. 1 may be written: 


= 
m 

The intersection of y = f(*) and 
y = x (Figs. 1 and 2) will give the re- 
quired root. The conventional methods 
of approach by successive substitution 
are represented by “staircase iteration” 
(Fig. la) or “spiral iteration” (Fig. 
1b); and if |f’(+)| > 1, the iteration 
becomes a “divergent staircase” or a 
“divergent spiral” and the cor:espond- 
ing method fails. The writer’s formula 
(Eq. 2) corresponds identically to Figs. 
2(a) and 2(b), in which the conven- 
tional iteration methods are replaced by 
“tangent convergence,” yielding a posi- 
tive and more rapid approach to the 
exact root. 


The writer’s formula (Eq. 2) also 
corresponds identically to—and may be 
derived by—the application of Newton’s 
tangent method to Eq. 3, written in the 
form, 


y = f(x) 
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Xe 


y=f(x 


FIG. 2(a). 


Tangent convergence. 


Eq. 4 may be described as a “‘linear- 
ized” form of the given Eq. 1. The 
advantage of using the “linearized 
equation” (Eq. 4) is that its graph is 
virtually a straight line in the vicinity 
of the root, so that the higher deriva- 
tives become negligible and the tan- 
gent convergence (corresponding to the 


y= x 


—— 
4 


FIG. 2(5). 


Tangent convergence. 


first derivative) comes very close to the 
exact root. The application of Newton’s 
tangent method, in the form, 


f(+o) 
to Eq. 4 yields the writer’s formula, 
2. 


FORMULA FOR ROOTS OF NUMBERS 


A further extension of the writer’s 
device of using a “linearized equation” 
yields a very simple formula for finding 
any specified roots of given numbers. 
Given, 


(5) 


where m may have any value, includ- 
ing fractions. For any specified trial 
root let 


Then a remarkably close approximation 
to the exact root is given by the for- 
mula, 

(6) 
This simple formula gives closer con- 
vergence than any other known method 
of comparable: simplicity and generality. 


It is derived by applying Newton’s 
tangent method to 


f(x) = /2__ =0 , (7) 


which is the “linearized” form of Eq. 
5. For Eq. 7, the second derivative 
f’(#) is zero at f(x) = 0, so that 
the graph is virtually a straight line in 
the proximity of the root. Consequently 
Eq. 6 yields very close convergence, 
equal to that attainable by including 
the second derivative in convergence 
formulas. For engineering design pur- 
poses, a single application of Eq. 6 will 
ordinarily suffice. 


Example 9: x? = 152 


144 
R:=3;S = 296 
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12 2(296) — 8 73 
x, = 12.3288 

Example 10: #® = 121 
2:8). 
125 
R= —4, S = 246 
1 
5 3(24) +4 °° 371 
x, = 4.9461 


Example 11: x? = 2523 
Sq 
2187 
R = 336, S = 4710 


7(4710) — 336 


x, = 3.0618 (3.0619) 


Example 12: #4/% = 85 


81 
R= 4,5 = 166 


= 
(166) — 4 


== 1+ 


27 163 


= 27.994 


In submitting his formula solutions 
(Eqs. 2 and 6), the writer invites com- 
parison with any known methods. 
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TORSIONAL VIBRATION 


TORSIONAL VIBRATION PROBLEMS OF 
GEARED DIESEL INSTALLATIONS 


Naval Architect.” 


ACKNOWLEDGMENT 


This article appeared in the April, 1951, edition of “The Marine Engineer and 
It discusses the torsional vibration problems of some rigidly- 
coupled geared diesel installations now being built in Europe. 


An interesting feature of a series of 
Werkspoor geared-diesel engine instal- 
lations, five of which are intended for 
foreign cargo ships, is the absence of 
any form of flexible coupling—hydrau- 
lic, electric, or purely mechanical— 
between engine and gearbox, a type of 
installation which revives memories of 
the few similar geared plants which 
Blohm & Voss built with, it was stated, 
good results’ more than twenty years 
ago. The engines of the modern ex- 
amples are Werkspoor type TMABS 
398 four-strokes, developing 1,700 bhp 
at 275 rpm in eight cylinders 15.35 in. 
(390 mm) bore and 26.77 in. (680 
mm) stroke. They are of the trunk-piston 
type and are fitted with Brown-Boveri 
turbo-chargers. The power is transmit- 
ted through a Maag type G.85 gearbox 
which reduces the engine revolutions in 
the ratio 275/112.6 to drive a four- 
bladed propeller 13 ft. 1% in. (4000 
mm) in diameter. The teeth of the 
pinions and wheels are hardened and 
ground on Maag tooth-profile grinding 
machines and the general assembly is 
shown in the accompanying illustra- 
tion. The crankshaft is coupled rigidly 
to the pinion-shaft and the whole is 
located axially within the gearbox, i.e., 
there is no thrust bearing within the 
engine itself. The wheel-shaft is cou- 
pled rigidly to the propeller shaft and 
the whole is located axially by the main 
thrust bearing, separate from the gear- 


box. Single-helical teeth are used, to 
permit axial movement between wheel 
and pinion, i.e., between the driven and 
driving sections of the system, thus 
eliminating the need for a sliding cou- 
pling between engine and gearbox. 

The diagram of torsional vibration 
stresses has been prepared from data 
supplied by the engine builders and 
shows that so far as shaft stresses are 
concerned it has been possible to ob- 
tain a favorable disposition of the sig- 
nificant critical zones without resorting 
to a special coupling between engine 
and gearbox. Practical experience has 
amply confirmed the general theory of 
torsional vibration which indicates that 
in an engine aggregate of this type 
there are usually two significant modes 
of vibration, namely the fundamental 
mode with one node in the vibrating 
system and the first higher mode with 
two nodes. These are sometimes re- 
ferred to as torsional vibration of the 
first and second degrees respectively, 
designated in the accompanying dia- 
gram by the Roman numerals I and II. 
Experience and theory also indicate 
that the principal excitations in sys- 
tems of the type under consideration 
occur at frequencies which are integral 
multiples of the fundamental engine 
firing-impulse frequency for engine ex- 
citations, and at integral multiples of 
the number of propeller blades for 
propeller excitations. 
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VIBRATION SOURCES 


In an eight-cylinder four-stroke cycle 
single-acting engine the fundamental 
firing-impulse frequency is four firing 
impulses per revolution of the crank- 
shaft. Thus the principal engine excita- 
tions occur at 4, 8, 12, etc., cycles per 
crankshaft revolution, while for a four- 
bladed propeller the principal propeller 
excitations occur at 4, 8, 12, etc., cycles 
per propeller shaft revolution. The num- 
ber of vibration cycles per revolution 
is usually called the order number of 
the excitation and in the attached dia- 
gram the various orders are designated 
4E, 8E, 12E, etc., to indicate that they 
are engine excitations. Appreciable 
vibratory amplitude and stress may 
occur, through resonance, when the fre- 
quency of any of the principal engine 
or propeller excitations coincides with 
the frequency of one of the natural 
modes of vibration of the system. The 
speeds in rpm at which a resonant 
response is obtained are usually called 
critical speeds and are determined by 
dividing the natural frequencies by the 
excitation order number. In the installa- 
tion under consideration the natural 
frequency of the one-node mode of vi- 
bration is 224.5 cycles per minute, i.e., 
the fourth engine order critical speed 
corresponding to this mode occurs at 
224.5 

4 
designated in the attached diagram by 
the symbol 1/4E. This is, in fact, the 
only significant engine-excited one-node 
critical, and since it occurs well below 
the running range (90 to 275 crank- 
shaft rpm.) it can be disregarded so far 
as continuous operation is concerned. 
The 8E and higher engine-order one- 
node criticals lie even further below the 
normal running range. 


With regard to two-node criticals, 
the 4E and 8E orders lie above the 
normal running range, only the 8E 


— = 309 crankshaft rpm 


, or 56 crankshaft rpm., and is 


order at 


being shown on the diagram. These 
criticals can therefore be disregarded 
so far as normal continuous operation 
is concerned. The 12E and higher-order 
two-node criticals, however, lie within 
the normal running range. Of these, 


only the 12E order at zsh = 206 


crankshaft rpm is shown on the dia- 
gram. The vibratory stress at the 12E 
order critical is, however, within the 
allowable value for continuous opera- 
tion, and since the stresses at the higher- 
order two-node engine criticals will be 
even smaller it can be concluded that 
there are no dangerous two-node cri- 
ticals within the normal operating 
range, so far as shaft stresses are con- 
cerned. 


The “Limit lines” shown in the dia- 
gram are the limits of torsional vibra- 
tion stress for continuous operation, pro- 
posed by Dr. S. F. Dorey in his presi- 
dential address to the Institution of 
Mechanical Engineers in October, 1950. 
The lower line refers to stresses in the 
crankshaft, while the upper line refers 
to the intermediate shaft. Dr. Dorey 
also gave values for the permissible vi- 
bratory stresses under transient condi- 
tions, i.e., during starting or stopping, 
or during a momentary overspeed con- 
dition. These transient stresses are ap- 
preciably higher than the values for 
continuous operation. 


In the installations under considera- 
tion the one-node vibratory stress is 
greatest in the intermediate shaft (10.24 
in. or 260 mm. diameter) and is small 
in the crankshaft. The one-node vibra- 
tory stresses should therefore be com- 
pared with the limit line for the inter- 
mediate shaft. On the other hand, the 
two-node vibratory stress is greatest 
at No. 6 crankpin (11.81 in. or 300 
mm. diameter and 6.1 in. or 155 mm. 
bore), and is small in the intermediate 
shaft. The two-node vibratory stresses 
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2 12,000 | 
= IT = 2-Node Mode 
(Frequency 2472 Cycles/Min,) 
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200 300 
Engine (Crankshaft) R.PM. 


400 


This diagram of the torsional vibration stresses in the engine under discussion also shows 
the “Limit lines” proposed by Dr. Dorey. 


should therefore be compared with the 
limit line for the crankshaft. 


Examination of the diagram shows 
that the vibratory stresses at all the sig- 
nificant engine-excited criticals, both 
one- and two-node, are within or very 
close to the limits proposed by Dorey 
for continuous operation. Bearing in 
mind that the higher stresses are for 
criticals outside the normal running 
range and that much higher limiting 
values are permissible for such transient 
conditions, it is evident that so far as 
shaft stressing is concerned the disposi- 
tion of criticals in these installations is 
favorable. 


Incidentally the 814E critical shown 
on the diagram is the largest of the so- 
called “minor” criticals which torsional 
vibration theory and practice indicate 
to be a possible source of danger in 
connection with two-node vibrations in 
certain cases. Their relative magnitude 
depends upon the firing order of the 
engine and the shape of the engine por- 
tion of the two-node elastic curve. In 
the present example the vibratory 
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stresses corresponding to “minor” or- 
ders higher than the 8%E will prob- 
ably be smaller than the value for the 
12E principal order. 


The data supplied by the engine 
builders contains no reference to vibra- 
tory stresses arising from propeller ac- 
tion. As already mentioned the principal 
propeller excitations are the 4P, 8P, 12P, 
etc. orders for a four-bladed propeller. 
In determining the effect of propeller 
excitations only the one-node mode of 
vibration need be considered since for 
two-node vibration the relative ampli- 
tude at the propeller is small. The sig- 
nificant critical speeds for propeller ex- 
citation are therefore 224/4 = 56, 
224/8 = 28, etc., propeller shaft rpm, 
or 137 and 68.5 crankshaft rpm. Of 
these the 4P order at 137 crankshaft 
rpm occurs within the normal running 
range, and it would seem prudent to 
make sure that the vibratory stress in 
the screw and intermediate shafting due 
to this propeller excitation is within 
permissible limits for continuous opera- 
tion. 
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Arrangement of engine, gearcase and thrust block as installed on board 


So far only the effect of engine and 
propeller excitations on shaft stressing 
has been discussed. Equally important 
is the effect of these excitations on gear 
tooth strength with respect to both 
bending stresses and surface loading. 
From the point of view of gear tooth 
operation engine-excited vibration is 
usually much more severe than that 
arising from propeller action, because 
even though the shaft stresses caused 
by engine-excited vibration are within 
the permissible limit for continuous 
operation, the vibratory torque is usu- 
ally in excess of the mean transmitted 
torque and with a rigidly-coupled sys- 
tem this might result in tooth separation 
with consequent danger of severe shock 
loading of the teeth. For this reason a 
different type of torsional vibration 
stress diagram from that reproduced 
here is desirable when assessing the 
merits of a geared installation, namely, 
a diagram in which the summation of 
the peaks and flanks of the principal 
resonance zones is shown superimposed 
upon a line representing the mean 
transmitted torque. Such a_ diagram 
shows at once whether there is any 
severe torque reversal in the running 
range of speeds. It is mainly with the 
object of avoiding severe shock loading 
at the teeth faces due to excessive torque 
variation under resonant vibration that 


some form of flexible coupling is gen- 
erally employed between the engine and 
the gearbox. This coupling may be of 
the hydraulic or electro-dynamic types, 
in which cases the flexibility is very 
large and the coupling possesses an ap- 
preciable degree of damping. In other 
cases a purely mechanical (resilient) 
coupling may be used, with or without 
some inherent damping. Incidentally it 
is commonly believed that a hydraulic 
or electrical coupling completely iso- 
lates the gearing from the engine so far 
as transmission of engine-excited vibra- 
tion is concerned. This belief is falla- 
cious. Both types of coupling possess 
restoring forces which tend to bring 
back the driving and driven parts to 
their original relationship when they 
are momentarily disturbed by a vibra- 
tory impulse. 


In hydraulic couplings the restoring 
or stabilizing action just mentioned re- 
sults from the effect of centrifugal force 
on the fluid circulating between the 
vanes of the driving and driven mem- 
bers and is therefore proportional to the 
square of the rotational speed (rpm) 
of the coupling. Thus the effective stiff- 
ness of a hydraulic coupling varies quite 
appreciably with rpm. This is a char- 
acteristic of other devices where centrif- 
ugal force is the controlling agency, 
for example, rotating pendulum vibra- 
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The Maag gear units in course of assembly 
at Zurich. The output shaft is the upper 
of the two seen in the nearest gearbox. 


tion absorbers. In electro-dynamic cou- 
plings the restoring action depends on 
the electrical characteristics of the as- 
sembly and the effective stiffness tends 
towards a boundary value as the fre- 
quency of the applied vibration in- 
creases. It is substantially independent 
of rpm. In the majority of practical 
examples, however, the effective stiff- 
ness of a hydraulic or an electro- 
dynamic coupling is so small compared 
with the stiffness of other parts of the 
system that it can be neglected and the 
usual assumption that couplings of these 
types virtually isolate the driven from 
the driving part of the system is, in 
general justified by experimental re- 
sults. The possibility of trouble arising 
in exceptional cases through neglecting 
the coupling stiffness should, however, 
be kept in mind. In particular, if the 
natural frequency of the driving sys- 
tem happens to be the same as the 
natural frequency of the driven system, 
the coupling behaves as though it was 
rigid. 

Another difficulty confronting the de- 
signer of a geared installation with a 
rigid coupling between the engine and 
the gearbox is that of assessing the true 
flexibility of the gear assembly, and 
therefore of determining the true values 


of the significant natural frequencies. 
Until sufficient experience had been 
gained to enable the flexibility of the 
gear assembly to be estimated with rea- 
sonable accuracy this difficulty was a 
very real one in rigidly coupled aero- 
engine/propeller systems, where an im- 
perfect knowledge of the allowance to 
be made sometimes resulted in differ- 
ences of as much as 30 per cent or more 
between the calculated and realized 
natural frequencies. An error of this 
magnitude can be very serious in cer- 
tain cases, for example, where a rather 
severe critical zone lies just outside the 
running range. Here again, the use of 
a hydraulic or electro-magnetic coupling 
having very small stiffness compared 
with other parts of the system removes 
the difficulty since the natural frequen- 
cies of the driving and driven parts can 


‘be estimated separately with the assur- 


ance that the calculated and realized 
values will be in reasonably good agree- 
ment. Data on gear flexibility is still 
very scarce and it would therefore be 
of considerable value if the builders of 
the rigidly coupled marine installations 
under discussion would, in due course, 
publish the allowances which were made 
in their particular case together with a 
comparison of the calculated and real- 
ized natural frequencies. 


Finally, the question of the effect of 
adverse weather conditions requires 
some consideration. It will be recalled 
that in his paper “Screwshaft Casual- 
ties—The Influence of Torsional Vibra- 
tion and Propeller Immersion,” (Trans. 
I.N.A., Vol. 91, October 1949), Archer 
directed attention to the possibility of 
severe overstressing in torsional and 
bending fatigue during periods of ex- 
cessive racing occasioned by insufficient 
propeller immersion, such as might 
Occur in severe weather with the ship 
in ballast condition. In the geared diesel 
installations under consideration there 
appear to be two such danger points 
namely, the 4P order one-node (%P) 
propeller-excited vibration, not shown 
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TORSIONAL VIBRATION 


on the builders’ diagram sent to us, 
which occurs at 137 crankshaft rpm., 
and the 8E engine-excited two-node 
(II/8E) vibration which normally 
occurs just above the running range, at 
309 crankshaft rpm. The effect of re- 
duced propeller immersion on the 4P 
propeller-excited vibration will be to in- 
crease the amplitude of torque variation 
at the gears due to loss of propeller damp- 
ing. This increase of torque variation 
may be quite appreciable in really severe 
weather and it would therefore appear 
prudent to avoid operating in the region 
of the 4P critical zone. In the case of two- 
node vibration, on the other hand, where 
propeller damping is not a major damp- 
ing influence, the principal effect of 
reduced propeller immersion would be 
to move the rpm. into the region of the 
8E order critical zone and thus expose 
the gears to considerably increased 
torque variations. This could be avoided, 
of course, by operating at sufficiently 
reduced rpm. in severe weather. It is 
also possible that the inertia of the 
revolving parts of the higher-speed 
diesel engines used in geared installa- 
tions may be sufficient to prevent exces- 
sive racing in severe weather and in 
this connection it will be recalled that 
one of the advantages claimed for the 
use of exhaust turbines in reciprocat- 
ing steam engine installations is that 
the inertia of the high-speed turbine 


Engine and gear unit assembled for text at 
Amsterdam. The gears have an inde- 
pendent oil cooler. 


rotor prevents racing when the propel- 
ler breaks water. The behavior of these 
rigidly-coupled geared diesel engines in 
severe weather, especially in the ballast 
condition, is not yet known, of course, 
but it is an important consideration on 
which it is hoped information will be 
published in due course. Earlier experi- 
ence with rigidly-coupled geared diesel 
installations was, we believe, satisfac- 
tory and in that belief there is no reason 
to suppose that these Werkspoor-Maag 
sets will not be reliable in service. Much 
knowledge has been accumulated since 
the earlier German sets were designed 
and built, better materials are available, 
and the gears employed are known to be 
of the highest quality in every respect. 
The behavior of the installations will 
therefore be watched with great interest. 
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CRITICAL REVIEW OF GAS TURBINE 
PROGRESS 1950 
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The past year was one of consolida- 
tion without many outstanding events 
to record. There were only two new 
orders for commercial gas turbines 
placed in Europe, both repeat orders 
with Brown-Boveri and Co. In the 
U.S.A., on the other hand, the General 
Electric Company announces that it has 
orders for twenty stationary gas tur- 
bines, though only two were mobile 
units. Judging from this solid business, 
which is being done at apparently very 
profitable prices, opinion in the U.S.A. 
must have recovered from its late phase 
of pessimism and may be about to be- 
come as enthusiastic as it was imme- 
diately after the war. 


This side of the Atlantic most manu- 
facturers and prospective purchasers 
are apparently prepared to wait and see 
how the large number of machines at 
present in construction or early stages 
of running behave in service before tak- 
ing on further commitments. 


Brown-Boveri and Co., with Some 
eight machines in service, built since 
the war, is apparently satisfied, after a 
pause for reconsideration, as to the 
soundness of its designs and is under- 
taking further work—the first since 
1946. The Beznau machines, after rec- 
tification of troubles alluded to last 
vear, have run to schedule without fur- 
ther defect and have now turned out 
more than 100 million kwh. The 13.000 


kw. ‘set started up in February, 1948, 
has run some 6000 hours, while the 
27,000 kw. set has run some 3000 hours 
since it came into service in January, 
1949. As the purpose of the plant is to 
supplement deficiencies of hydraulic 
power, the heavy rains in November, 
which overfilled the rivers, rendered its 
running unnecessary. 


Two other Brown-Boveri machines, 
whose successful running may be men- 
tioned, are those of 1650 kw. installed 
in a cement works in Venezuela. Each 
has done about 5000 hours’ running 
since starting up in September, 1949, 
and this plant has the distinction of be- 
ing entirely dependent on gas turbines. 
A further 5000-kw. unit is now to be 
added. 


A great deal of gas turbine and asso- 
ciated activity is taking place in France, 
where, counting schemes which origin- 
ated before the war and also free-piston 
gas generators, some sixteen projects, 
are in hand. There is a 5000-kw. two- 
shaft machine in hand by Alsthom, ap- 
parently resembling the American Gen- 
eral Electric design of the same size. A 
15,000-kw. equipressure boiler, which 
will employ gas turbines in the air cir- 
cuit, has been under ¢onstruction for 
some time. 


Opinion in Great Britain is not so 
unstable as in the U.S.A. and though 
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some of the initial enthusiasm has been 
sobered by the many difficulties en- 
countered in the industrial field, there 
is little evidence of the attitude that 
was widespread in the U.S.A. after the 
period of post-war publicity. A sound 
understanding of the merits and de- 
merits of different forms of plant, when 
based on objective considerations, allows 
excessive enthusiasm to be avoided and 


its obverse of unreasonable pessimism 
when unforeseen difficulties are encoun- 
tered. It is noticeable that troubles with 
the open cycle seem to have brought 
about a more tolerant attitude towards 
the closed cycle, possibly because its 
difficulties are not so familiar. It may 
be recorded that mention of the closed 
cycle no longer engenders visible heat. 


NEW PLANT COMING INTO SERVICE 


Among the few new machines which 
came into service in the year, the larg- 
est was the 20,000-kw. semi-closed unit 
built by Sulzer Bros. and installed at 
Weinfelden, in Switzerland. This did 
some preliminary running in the Spring, 
during the period of water power short- 
age and, as was to be expected in a new 
design, which had not been shop-tested, 
a number of troubles were encountered. 


The erection of the Escher Wyss 
12,500-kw. closed-circuit machine at St. 
Denis, Paris, has at last been completed 
and preliminary running is expected to 
begin immediately. It will be recalled 
that this machine is similar to that be- 
ing built by John Brown and Co., Ltd., 
for the North of Scotland Hydro-Elec- 
tric Board, for installation at Dundee. 
There are differences not only in layout 
but in some of the components, so that 
the two sets will afford experience on 
parallel lines. The Dundee machine was 
due for completion during the year but 
is evidently somewhat behind schedule. 
The same apparently applies to the 
15,000-kw. open-circuit machines or- 
dered by the British Electricity Author- 
ity for Stretford and Dunston stations. 
A delay of the order of a year seems 
not unlikely for such machines, bearing 
in mind their experimental nature and 
the problems which have to be faced, 
some of which have been discovered 
only since the original designs were laid 
down. Delay is, in fact, the dominant 
note of the year. 


Not counting gas turbine motorcars 
and motor launches, only two gas tur- 
bines were completed in this country 
during 1950. They are the 1200-hp. Brit- 
ish Thomson-Houston set for the tanker 
Auris, and the 3000-hp. experimental 
set designed by Pametrada and built by 
the constituent firms for installation in 
their experimental establishments. 

In the U.S.A. a further 3500-kw. ma- 
chine, built ~by the General Electric 
Company, was put into service at Farm- 
ingdale. This is a single-shaft unit, em- 
ploying a plain cycle, and is practically 
identical with that installed at Arthur 
Huey station last year and in the Alco 
locomotive. The Huey plant has now run 
some 4000 hours on gas without defect. 
The Farmingdale unit is, however, fired 
by heavy oil and is claimed to be the 
first gas turbine of its kind to employ 
Bunker “C” residual oil. It is intended 
for peak load service without any heat 
recovery. The expected efficiency is 
given as 17 per cent, with an inlet tem- 
perature of 1450 deg. Fah., and an air 
intake temperature of 80 deg. Fah. The 
price is variously quoted as 132 or 164 
dollars per kilowatt. 


The same company has announced 
that it has now obtained orders for 
twenty units of one or other of its two 
standard sizes, viz., the above 3500-kw. 
unit and a 5000-kw. design. This is a 
two-shaft machine with intercooling and 
regeneration and shows an efficiency of 
28 per cent at 1450 deg. Fah. The sell- 
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ing price is quoted as 240 dollars per 
kilowatt. Both machines derive in some 
degree from aircraft technique in that 
they are light and small. They thus 
sacrifice performance to save material 
and this is reflected in the moderate 
efficiency of the 3500-kw. unit in rela- 
tion to its high initial temperature, 
though not apparently in the price. 


Indeed, the prices mentioned above 
seem to show that the gas turbine in 
the U.S.A. must have no competitor. 
They are extraordinarily high in rela- 
tion to those of other plant whether re- 
garded on per kilowatt of output or per 
ton of material. They work out at the 
order of £3000 per ton, whereas steam 
turbines sell at about £800 per ton and 
diesel engines at about £500. The prices 
per kilowatt, which are assumed to 
cover the gas turbine unit and auxil- 
iaries, are about of the same order as 
the total cost of large steam stations in 


the U.S.A., which are much the same 
as in this country, ranging from 140 
dollars to 200 dollars per kilowatt. They 
include the entire steam power plant. 
with buildings, civil works, switchgear, 
cabling, ancillary buildings and site de- 
velopment. On the other hand, the gas 
turbine price applies to a rather small 
unit, in which range a steam station 
would be appreciably higher in first 
cost and also in cost of attendance. 
What may seem surprising is that such 
costly gas turbines can compete either 
in price or running cost with the diesel 
engine, since the installations are either 
in oil-producing regions or at least 
where oil or gas is available at a price 
comparable with that of coal. The in- 
ference is that the diesel must also be 
dearer in the U.S.A. than in Europe, 
despite its wide application in railway 
traction, or, that the gas turbine has 
other powerful attractions, such as 
novelty. 


LOCOMOTIVES 


The gas turbine locomotive ordered 
from Brown-Boveri and Co., by the 
former Great Western Railway arrived 
in January and has been running on 
the Western Region lines of British 
Railways throughout the year though 
not allocated to any standard schedule. 
Certain troubles have been encountered, 
though they do not seém to have inter- 
fered greatly with its serviceability. The 
main points of criticism do not concern 
the power plant but the heating boiler 
or the brake compressor. These faults 
will be rectified in the other gas turbine 
locomotive with Metropolitan-Vickers 
equipment, which is approaching com- 
pletion, and though this set has a con- 
siderably higher rating (3500 hp., as 
against 2500 hp.) the behavior of the 
two locomotives in service will provide 
an interesting comparison. 


The Alco-G.E. 4500-hp. locomotive, 


which first took to the rails in Novem- 
ber, 1948, had run some 27,800 miles up 


to November, 1949. It proved dearer to 
run on diesel fuel than a diesel loco- 
motive, but on Bunker “C” the com- 
parison is stated to be more even. The 
locomotive was returned to the makers 
for certain modifications and was later 
back in service on the Union Pacific. 


Three other locomotives with gas tur- 
bines are nearing completion in the 
U.S.A. One is to be powered by a 
4000-hp. Westinghouse-Lima Hamilton 
free-piston engine gas turbine. Another 
is by the Baldwin Locomotive Company 
for the Atcheson, Topeka and Santa Fe 
Railway and has an Elliot gas turbine. 
The third is an American Locomotive 
Company’s locomotive with Allis Chal- 
mers coal-fired gas turbine, which has 
been under test’ for some time. The 
coal-firing experiments in conjunction 
with this test are still proceding, a run 
of some thirty-eight hours having been 
reported. 
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VANADIUM ATTACK 


Nineteen-fifty will go down in gas 
turbine history as that of vanadium at- 
tack. Previously there had been periods 
of serious depression over vanadium de- 
posits, particularly in England, but 
though vanadium attack was suspected 
by some there was no authentic proof 
of it until the publication, late in 1949, 
of a thesis by Paul Amgwerd, of the 
Zurich Polytechnic. This paper reported 
researches suggested by Professor 
Schlapfer on the effects of oil ash con- 
taining vanadium in accelerating high 
temperature corrosion of alloys, par- 
ticularly those showing a good resist- 
ance to scaling in normal atrhospheres. 
It was shown that in the presence of 
such ash the protection afforded by the 
oxide layer on stainless steels failed, as 
the ash apparently acted as a flux at 
temperatures above 1230 deg. Fah., the 
melting point of vanadium pentoxide. 
Further, the action was selective with 
respect to certain alloy constituents, 
some materials which were hitherto 
acceptable for gas turbine blades on 
grounds of creep resistance and scale 
resistance showing an alarmingly poor 
resistance to vanadium attack. Very 
serious wastage was shown to occur in 
periods of the order of 100 hours. 


Confirmation as to the general valid- 
ity of the findings was soon forthcom- 
ing from other laboratories and, though 
quantitative agreement is still not 
reached, the general rule is probably 


- sound that the alloys in which good 


creep properties are obtained by large 
additions of cobalt or molybdenum are 
particularly sensitive; 18/8 stainless 
iron is fairly resistant and Nimonic 80 
is only slightly attacked. Pure chro- 
mium is not attacked and hence some 
hopes are based on heavy chromium- 
plating of other materials, so as to pro- 
duce an impervious protecting layer. 


Practically all crude oils contain some 
vanadium, but the percentage varies 


with the origin. It may be possible to 
select oils of low vanadium content. 
An alternative remedy might consist in 
introducing an inhibitor with the oil 
and some work has been done along 
these lines. The trouble is, of course, 
absent where gas, oil or other distillate 
fuel is used and those makers who, dur- 
ing the deposit scare, undertook only to 
burn distillate fuel will be congratulat- 
ing themselves on their prescience. At- 
tack is also apparently avoided at tem- 
peratures below the melting point of 
vanadium pentoxide—about 1230 deg. 
Fah.—so lower temperature machines, 
constituting the greater part of those 
in service, are expected to be immune 
from attack if not from deposits, 1200 
deg. Fah., which has been widely se- 
lected as about the right temperature 
for open-circuit machines in this coun- 
try, appears to be uncomfortably near 
the limit. On the other hand, a number 
of machines going into service in the 
U.S.A. will employ temperatures of up 
to 1450 deg. Fah. and are intended to 
burn heavy oil. These should, there- 
fore, provide useful evidence in a very 
short time in actual service as to the 
immunity or otherwise of the construc- 
tional materials employed. 


The trouble affects closed-circuit 
machines also, though in their case it 
is the air heater tubes which may be 
expected to waste away. The maximum 
temperatures selected for the circuit air 
in the region of 1250 deg. Fah. imply 
tube temperatures some 50 deg. Fah. 
higher and therefore in the active range. 


A surprising aspect of the discovery 
is that it should be made only after 
some thirty years of intensive use of 
oil fuel in naval and merchant vessels, 
and also in industry in the U.S.A. and 
elsewhere. In the light of what is now 
known, it is clear that certain troubles, 
such as unexpectedly rapid wasting of 
uncooled metal in oil-fired boilers, may 
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be attributed to vanadium attack. The 
reported burning of the nozzles of the 
first experimental locomotive gas tur- 
bine in the U.S.A. will also be recalled. 
The machine was run for some 400 
hours without ill-effect, but after a fur- 
ther ninety-two hours on heavy oil con- 
taining some vanadium some of the 
nozzles had practically disappeared. 
This was described, though not ex- 
plained, as “catastrophic oxidization.” 
The material, a 16 per cent chromium, 
25 per cent nickel alloy, with 6 per 


cent molybdenum, is one which is now 
known to be very subject to vanadium 
attack. 


Recently published reports of opera- 
tion of boilers in the U.S.A., on heavy 
residual oils, also contain references to 
severe fouling and corrosion—admitted 
to be worse than with coal in some 
cases. Hence the assumption that gas 
turbines could use heavy oil, because 
no trouble occurred with fouling in oil- 
fired boilers, is now proved to have 
been unjustified. 


WATER IN COMPRESSION 


Last year mention was made of the 
interest in wet compression, meaning 
the proposed introduction of water 
spray into the air so as to reduce com- 
pressor work. This has occurred acci- 
dentally in certain compressors and 
brought to light possible objectionable 
consequences. Atmospheric air always 
contains a certain amount of water va- 
por and may be saturated or unsatu- 
raied. The saturation amount depends 
on temperature and also on pressure 
being strictly a function of volume. As 
the volume is reduced by adiabatic 
compression the temperature rises and 
there is no inclination for saturation to 
be exceeded. On the other hand, when 
the compressed air passes through a 
recooler, saturation is very likely to be 
reached and the excess water tends to 
condense. If provision is not made for 
draining the water it may be carried 
forward into the next stage of compres- 
sion. Its effects there may be, theo- 
retically, beneficial though practically 
quite the reverse. 


In the presence of sulphur oxides in- 
haled possibly by recirculation of stack 
emissions and also of CO, the water 
becomes acid and may attack the metals 
with which it comes into contact. The 
resulting salts are carried forward in 
solution and when the water is re- 


evaporated in the rising temperature 
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air in the next cylinder, the salts are 
deposited and may foul the blades. Sec- 
ondly, the water droplets have a braking 
action on the blades and may damage 
them. 


The issue of how much water is con- 
densed and under what conditions is an 
interesting problem, which can. best be 
studied by means of a_ psychrometric 
diagram, as shown herewith. Such dia- 
grams are familiar in many techniques, 
such as air conditioning, but are usually 
drawn for a single barometric pressure. 
The accompanying diagram is a devel- 
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opment taking into account changing 
pressure. It is drawn with water con- 
tent per pound of dry air as ordinate 
and temperature as abscissa. Processes 
such as compression and cooling at con- 
stant pressure without change of water 
content are represented by horizontal 
lines defined by the initial water con- 
tent. A state of partial saturation can 
be defined with reasonable accuracy by 
dividing the ordinate at the required 
temperature. The diagram shows that 
on compressing air saturated at 60 deg. 
Fah. to 4 atmospheres (temperature, 
say, 370 deg. Fah.) the air becomes 
much drier. However, on recooling, the 
saturation line for 4 atmospheres is 
crossed at 102 deg. Fah., and on further 
cooling to 80 deg. Fah. an amount of 
5.6 by 10-° lb. of water per Ib. of air 
tends to condense out. In a 15,000-kw. 


gas turbine aspirating 250 Ib. per second 
of air this represents 1.4 lb. per second 
or 8.4 gallons per minute of water to be 
drained off. For a more usual case of, 
say, 80 per cent saturated air at 60 deg. 
Fah., the rate of condensation will be 
about 5 gallons per minute or, for 40 
deg. Fah. saturated air recooled back to 
60 deg. Fah., the yield is about 4 gallons 
per minute. 


That water would accumulate in such 
quantity was not generally foreseen and 
the trouble when first encountered was 
not immediately recognized. It occurs 
in open-circuit machines particularly, 
because of the large quantity of air 
drawn in, and in lesser degree in the 
semi-closed and closed-circuit types. In 
the last, only the leakage air has to be 
replaced so the water quantity is of 
much smaller order. 
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Corrosion is the cause of much ex- 
pense and many breakdowns—probably 
including cases where it is not men- 
tioned in the diagnosis of failure; some 
fractures which are purely mechanical 
in their final stages might not have 
occurred, had there not been pitting or 
trenching due to corrosion in the early 
stages, with consequent stress intensi- 
fication. Empirical remedies are dan- 
gerous, since many  anti-corrosive 
methods, beneficial if applied rightly, 
can intensify attack if applied wrongly ; 
the causes of the trouble must be 
understood. 


The causes have been under study at 
Cambridge and elsewhere for many 
years. About 1920, the subject ap- 
peared to be a jumble of unintelligible 
and contradictory facts; today, the 
facts are seen to obey simple laws, 
capable of rational explanation. There 
is a common misapprehension that rust 
is a result of the direct combination of 
iron and oxygen. In fact, the pheno- 
menon is much more complex, and 
some of the intermediate products of 
corrosion are of considerable impor- 
tance to the engineer. An example is 
the sodium hydroxide, caustic soda, 


that forms during corrosion in salt 
water, and can attack constituents of 
some paints. Direct combination does 
occur, however, in a form well known 
to engineers. 

The direct union of iron and oxygen 
leads to the scale often found on steel 
after heating in air. This direct oxida- 
tion is only important at high tem- 
peratures, since, except where the 
scale cracks, its thickening requires 
the passage of iron outwards through 
the scale to meet the oxygen of the 
air; such movement in the solid state 
is slow at low temperatures. If an 
iron strip is strongly heated at one end, 
the scale, thick at that hot end, be- 
comes thinner as the colder end is ap- 
proached. Where the thickness is com- 
parable to the wavelength of light, 
interference colors are produced; at 
the cold end, the metal appears un- 
changed. The slow formation of in- 
visible oxide in dry air at ordinary 
temperatures has been studied at Cam- 
bridge, but possesses no engineering 
importance. 

In general, limited supplies of oxygen 
favor corrosion by an electrochemical 
mechanism, whereas ample supplies, 
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distributed over the whole surface, may 
suppress attack. Pure iron or zinc 
“whirled” in pure water containing 
oxygen remains unattacked, because a 
continuous protective film is built up. 
If the whirling ceases, visible attack 
occurs; if the water is free from 
oxygen, there is no appreciable attack. 
On steel or zinc, under engineering 
conditions, oxygen must generally be 
regarded as a stimulator of corrosion. 
On stainless steel, a scanty supply of 
oxygen suffices to maintain the oxide 
skin, which protects against many 
liquids that attack ordinary steel; pro- 
tection may suddenly fail if the oxygen 
is shut off completely at certain points. 
Thus, in choosing materials for indus- 
trial plant, the engineer should remem- 
ber that stainless steel may behave 
badly under exactly those conditions 
where many other resistant materials 
(e.g., Monel metal) behave best. 


The fact that small electric currents 
are flowing over the surface of cor- 
roding iron or zinc has been established 
at Cambridge by several independent 
methods, which have shown that the 
currents are sufficiently strong to ac- 
count for the whole of the corrosion 
produced. The electrochemical mecha- 
nism of corrosion is fact, not theory. 
It is also clear why electrochemical 
attack is often so dangerous, whereas 
direct oxidation, if applied to the whole 
surface, prevents attack. If the water 
contains a salt (e.g., sodium chloride) 
the products formed, both at the anodic 
(attacked) part and the cathodic (un- 
attacked) part, are freely soluble; a 
solid substance is formed where they 
meet and interact, but it will not pro- 
duce a protective skin and attack will 
continue. In the case of iron, the two 
primary products are iron chloride and 
caustic soda; the secondary product is 
a mixture of hydrated oxides known as 
rust. It should be added that rust can 
be formed in more than one way. 


If the salt is one which will produce 
a sparingly soluble body at either the 


anodic or cathodic product, even elec- 
trochemical corrosion will be very 
slow. Thus there are two sets of sub- 
stances which prevent attack, namely, 
the anodic inhibitors (sodium phos- 
phate, carbonate, silicate, etc.) and the 
cathodic inhibitors (calcium bicarbon- 
ate). If a corrosive salt (sodium 
chloride) exists in the water, the 
amount of anodic inhibitor needed is 
increased, and if the amount added is 
insufficient, the corroded area will be 
reduced more than the total destruc- 
tion of metal; thus the attack is in- 
tensified by the ill-judged attempt to 
“treat” the water. Hence the need for 
caution. 


Important corrosion currents flow 
when two dissimilar metals are placed 
in contact in a liquid. The current 
strength increases if oxygen is sup- 
plied to the cathodic metal. If the area 
of the cathodic metal is large—a factor 
which will increase the current flowing 
—and that of the anodic metal is small, 
the intensity of attack (corrosion per 
unit area) is great. The cathodic sub- 
stance need not be a metal; the oxide- 
scale present on previously heated steel 
is cathodic towards the steel exposed 
at tiny cracks in the scale. This com- 
bination of large cathode (scale) and 
small anode (steel) leads to severe 
pitting in water-pipes or on locomotive 
boiler tubes. Removal of mill-scale 
from tubes or plates exposed to waters 
usually renders attack less intense, 
though the total destruction of metal 
is not always diminished. 


Similarly, if an attempt is made to 
protect steel against water or a solu- 
tion with a layer of copper or nickel 
(cathodic metals), corrosion is likely 
to occur if there is a discontinuity in 
the coating; if the liquid is a highly 
conducting one, the attack may be lo- 
cally more intense than if the steel had 
been left unexposed. This intensifica- 
tion is not so common as is often sup- 
posed; it is rarer for nickel coats than 
copper coats. A nickel coat containing 
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pores is usually better than no coat at 
all, but it is best of all to avoid pores 
in the coat. The frequency of pores 
diminishes—other things being equal— 
as thickness increases, but different 
methods of plating give different pore 
frequencies even at the same thickness. 
Work at Cambridge has shown that 
the surface contour of the basis metal 
affects porosity. If a scratch-line is 
traced on steel before nickel-plating, a 
line of pores is found on the scratch- 
line; this is due to the depression and 
not to internal stresses, since annealing 
before plating hardly affects the fre- 
quency of pores. This shows the fal- 
lacy of the argument that, if steel is to 
be plated or enameled, the quality of 
the steel does not matter. 


There is another reason for reject- 
ing this argument. In mildly corrosive 
environments, the probability that a 
very small bare point will escape attack 
is quite appreciable, but the chance of 
escaping it is greatly diminished if 
there is much sulphur in the metal, as 
is shown by statistical work at Cam- 
bridge. From the point of view of cor- 
rosion, sulphur is undesirable; low- 
sulphur steel carrying a porous plating 
is likely to be better than high-sulphur 
steel with equally porous plating. Once 
corrosion has started, the effect of 
sulphur may be either good or bad, 
according to circumstances; usually it 
accelerates the anodic reaction and 
retards the cathodic reaction. 


It is often better to coat steel with 
anodic metal, like zinc, or aluminum. 
In such cases, after initial irregulari- 
ties, there is protection to the steel 
exposed at pores. The zinc or alumi- 
num is attacked, and, at one time, it 
was thought that protection was purely 
“sacrificial”; indeed, the wisdom of 
protecting a cheap material (steel) by 
the sacrifice of a dear one (zinc or 
aluminum) has been questioned. In 
many environments, however, the pro- 
tection is only sacrificed in the opening 


stages; soon the cathodic reaction be- 
gins to deposit a protective layer (cal- 
cium carbonate, zinc or aluminum 
hydroxide) on the steel and the cur- 
rent begins to slow down, and with it 
the attack on the coating. A promising 
method of protecting structural steel- 
work is to grit-blast the surface, re- 
moving scale and rust, and leaving a 
rough contour suited for interlocking, 
and, finally, to coat with, say, iron- 
oxide oil paint. In long-period outdoor 
exposure tests, organized from Cam- 
bridge in several types of atmosphere, 
this mode of protection gave good 
results. Even after seven years on a 
roof in London, the aluminum coating, 
examined by sectioning, appeared un- 
changed; the steel was entirely pro- 
tected. There was no rust, but plenty 
of soot. 


Protection of steel by painting is 
commonly believed to depend on the 
exclusion of water and/or oxygen from 
the metal, but most paint coats are 
pervious to water and oxygen, and 
calculation shows that, if the only 
function of paint was to exclude water 
and oxygen, it would still permit rapid 
rusting. However, corrosion, being an 
electrochemical process, involves move- 
ment of ions, and the Cambridge work 
shows this to take place only very 
slowly through paint-films; hence the 
corrosion is slowed down. If, further- 
more, inhibitive substances (allied to 
the inhibitors used in water treatment 
but less soluble) are incorporated in 
the innermost coat, corrosion can prac- 
tically be stopped, provided that there 
are two or more robust outer coats, 
chosen to prevent mechanical damage 
and chemical alteration to the inner 
coat. Three-coat paint combinations 
based on this principle have given com- 
plete protection during seven years 
outdoor exposure in London. Even 
two-coat systems, properly chosen, give 
fairly good protection if all scale and 
rust is removed, so as to bring the 
inhibitive substance into direct contact 
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with the steel. Comparison of the de- 
scaled and scale-bearing specimens in 
the tests organized from Cambridge 
show the advantage of proper cleaning 
of the surface. 


Red lead has long been used as an 
inhibitor. The old-fashioned red lead, 
which contains the lower oxide PbO 
as well as Pb,O,, gives better protec- 
tion than non-setting red lead, though 
it must be applied to the steel soon 
after mixing with oil; this has often 
been stated by practical engineers and 
the Cambridge tests show it to be cor- 
rect. The addition of PbO to Pb,O, 
has greatly improved protection. It has 
also been found that the true inhibitor 
is not Pb,O, or even PbO, but some 
substance formed by interaction with 
the oil. Efforts are being made at 
Cambridge to identify the “true in- 
hibitor” and if this can be added di- 
rectly to the paints, without “passen- 
ger” substances, economy in lead may 
reasonably be hoped for. 


New series of paints developed at 
Cambridge are richly pigmented with 
metallic zinc, either in an organic 
vehicle (polystyrene) or in an inor- 
ganic vehicle (cementiferous paints). 
The latter paints can be applied to a 
wet steel surface, and the brush and 
pot can be washed out with water—a 
feature which has won appreciation 
from those who perform the painting. 
Zinc is in short supply. There are 
threats of restrictions for the use both 
of zinc and lead in paint, but the cost 
of paint coat is so small compared with 
the cost of labor, etc. in application 
and the value of the structure or article 
protected, that even an expensive paint 
is worth employing if it will increase 
the period between repaintings. 


The corrosion of painted steel fol- 
lows the same course as that of un- 
painted steel, but proceeds more slowly. 
In sea-water, caustic soda is formed at 
the cathodic regions, and this can de- 
stroy some constituents of paint. To 
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obtain good protection against salt 
water, a paint with an alkali-resistant 
vehicle must be chosen. This was 
demonstrated in the Cambridge Labo- 
ratory in 1929, and is now being con- 
firmed by raft-tests organized by the 
British Iron and Steel Research Asso- 
ciation. The time lag will be noted. 
Will it be another 20 years before 
engineers start to reap benefit from 
the results? 


Fatigue cracking is well known to 
engineers, but, in the absence of cor- 
rosion, it can be easily prevented. 
There is a stress-range, known as the 
fatigue limit, below which fatigue 
failure should never occur. However, 
in a corrosive environment there is no 
fatigue limit; any stress, however 
small, will ultimately cause cracking. 
This should be borne in mind when 
selecting an alloy steel for some 
stressed member, with the intention of 
reducing cross-sections; alloy steels 
have often definitely higher tensile 
strengths and higher fatigue strengths 
than carbon steels but their corrosion- 
fatigue properties are often only 
slightly superior to those of carbon 
steels. An important exception is the 
stainless steel group. 


Corrosion-fatigue cracking is pro- 
duced by alternating stress and occurs 
on almost any material if there is no 
protection against a corrosive environ- 
ment. There is another trouble, stress- 
corrosion cracking, which is produced 
by steady tensile stress, but which, for- 
tunately, occurs only on some materials 
after certain heat-treatments; these 
have generally been established and 
can usually be avoided. It is commonly 
stated that corrosion fatigue is recog- 
nized by transgranular cracks, and 
stress corrosion by _ intergranular 
cracks, but that is an over-simplifica- 
tion. On magnesium-base aircraft 
alloys, stress corrosion causes trans- 
granular cracks, while, as shown in 
some recent Cambridge studies, cor- 
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rosion-fatigue cracks—although mainly 
transgranular—may follow the grain 
boundaries for short distances. 


Another Cambridge research has 
shown the importance of the protection 
being continuous in time; a short ex- 
posure to corrosive conditions during 
alternating stress, followed by alter- 
nating stress without corrosion, may, 
under some conditions, give a shorter 
life than if the corrosive substances 
are allowed to reach the test-piece 
throughout the whole period of its 
subjection to corrosive conditions. 


Peening (bombardment with small 
hard particles, leaving a compressed 
surface layer) is known to give re- 
sistance to pure fatigue. A Cambridge 
study, on high-carbon steel, showed 
that it improved resistance under cor- 
rosion-fatigue conditions against cer- 
tain liquids, but not all. The benefit 
was found to vary greatly with the 
pressure used and the size of the shot; 
thus careful specification appears nec- 
essary. In no cases was the life pro- 
longed indefinitely, and protective coat- 
ings may be required on the peened 
surface. Unfortunately, the contour of 
the peened surface is unfavorable for 
the adhesion of certain types of coat- 
ing. It was found, however, in the 
Cambridge work, that, if the pressure 
and shot-size had been chosen to give 
a thick compressed layer, considerable 
roughening (by bombardment with 
angular grit) could be tolerated with- 
out loss of the valuable properties left 
by peening. 


~ A number of practical points emerged 
from the work discussed. It was im- 
portant that engineers should under- 
stand the causes of corrosion, so that 
failures really due to this cause were 
not attributed to mechanical break- 
down, as might easily occur where 
attack was localized. 


They should understand also the 
various effects of oxygen on corrosive 
action in various conditions, which 
might sometimes be beneficial and 
sometimes the reverse, and the electro- 
chemical nature of corrosion, realizing 
that the intermediate products might 
have a deleterious effect, e.g., attack 
on certain paints. Alkali-resistant 
paints should be used as protection 
against salt water. 

In connection with electrochemical 
corrosion, they should understand the 
effect of big cathodes and small anodes 
and the consequent importance of re- 
moving scale. Close attention should 
he paid to the nature and quality of the 
steel used, even when it was to be pro- 
tected. Finally, they should bear in 
mind the possibility of protecting struc- 
tures after erection by grit blasting, 
aluminum spraying, followed by paint- 
ing with a suitable paint; and of using 
shot peening, followed by grit blasting 
and a protective coating, to combat 
corrosion fatigue. 

Experiment seemed to promise that 
zinc-rich polystyrene paints might be 
useful where scale was still partly in 
place, though claims that had been 
made for performances on thoroughly 
rusty surfaces were somewhat dubious. 
Results obtained from the use of 
aluminum paints as primers, compared 
with zinc-rich paints, had been some- 
what contradictory, and a difficulty 
arose from the lack of an effective 
metal-to-metal contact. Work was in 
hand on this subject. It was to be 
hoped that restrictions would not be 
imposed on the use of zinc for protec- 
tive purposes. The value of the ma- 
terial saved by protection against cor- 
rosion was so very much greater than 
the value of the material expended for 
this purpose that it would be a false 
economy were such restrictions to be 
imposed. 
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All but a few of the high-powered 
naval ships in service during the 1939- 
45 war were fitted with turbines driv- 
ing through gearing. The successful 
use of gearing in the Royal Navy at 
the end of the 1914-18 war, and subse- 
quently in merchant ships, gave little 
reason to expect that it would not be 
absolutely reliable, but two years of 
war failures showed that where stand- 
ards of accuracy fell below the average 
for the country, no positive margin of 
safety remained. A thorough examina- 
tion, to which many persons have con- 
tributed, has revealed the main causes 
of these failures. Apart from remedy- 
ing them, it has been possible to make 
some immediate advances in design 
and production standards, to employ 
stronger materials, and to undertake 
development work in the expectation 
that it will provide worth-while ad- 
vances. 


Before the war, the troubles which 
could occur, and their sources, had 
been described, but no quantitative 
measurement of the periodic errors or 
helical angles had been made. A few 
firms had given their machines some 
temperature control, and a proportion 
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of pinions were recut to improve their 
meshing, but the general practice in- 
volved extensive hand work by filing 
the pinions to bed-in the teeth, fol- 
lowed by the “Parsons” type of lap- 
ping. The National Physical Labora- 
tory, however, was developing meas- 
uring instruments. Tests on wear and 
pitting led to an increase of design 
loading with the Vickers-Bostock- 
Bramley (V.B.B.) and Parsons “All- 
Addendum” (A.-A.) tooth forms. 
These forms gave increased pinion 
stiffness, allowing the center bearing 
to be omitted. 


When tooth failures occurred in the 
merchant ship Strathmore, her builders 
drew attention to the dangers to which 
naval ships were exposed from the 
high deflection of pinions. Except for 
Ajax and Griffin, naval ships differed 
from Strathmore in that they had semi- 
circular fillets at the roots of the teeth; 
for the new construction program, im- 
proved roots and a standard value for 
deflection were relied upon. The teeth 
of ten pinons of ships of the general 
type of Glorious and Delhi, with three- 
bearing pinions, failed by root frac- 
tures. All the failures were at the 
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pinion ends. When a spare pinion was 
fitted to York in 1939, the error in 
parallelism of the bores of the gear- 
case was found to be some 0.004 in., 
but one pinion bearing had to be ad- 
justed to set the pinion axis 0.016 in. 
out of parallel to ensure even meshing. 
Fig. 1 shows teeth failure experienced 
in Delhi. The general fatigue failure 
of the port-inner low-pressure pinion 
was revealed by turning off the teeth 
at the aft end of the after helix. 


In 1935, a proposal to adopt larger- 
pitch teeth for aircraft carriers was 
abandoned because of the opinion that 
the limit of load was not determined 
by the strength of the teeth but solely 
by the ability of their surfaces to re- 
sist deformation or distress. In 1937, 
a similar proposal for Jllustrious was 
abandoned because of the doubts raised 
by the occurrence in some Italian 
cruisers of scuffing of gears having 
l-in. pitch teeth. 


While great distances were some- 
times covered during the war, the 
larger ships operated at high powers 
for only a small part of the time, 


whereas some smaller ships spent quite 
a large proportion of their service at 
high powers. Merchant ships run con- 
tinuously at a high percentage of their 
full power, and if their gear teeth are 
overloaded, failure will probably occur 
in the first few months of service, as 
with Strathmore. With naval ships, 


Fic. 2. Port Inner HicH-PressuRE Pryion or H.M.S. SHEFFIELD.” 
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gear failure may occur at a vital mo- 
ment after the gears have given years 
of satisfactory service. This happened 
with Sheffield: when her gears were 
wrecked she was engaging the Scharn- 
horst in the action in which the latter 
ship was sunk. Fig. 2 shows the condi- 
tion of the port-inner high-pressure 
pinion of Sheffield after failure. 


During the 1939-45 war the three 
main sources of gear trouble were: 
vibration, scuffing, and breaking at the 
roots. Pitting and water in the lubri- 
cating oil were minor sources of 
trouble. The screaming note of certain 
non-creep gearing, long since identified 
with worm error, was experienced in 
Scorpion and Kipling. In Scorpion the 
maximum overall noise-level was 113 
to 116 British Standard phons. Owing 
to the abnormally high intensity of the 
chief. component, its level was outside 
the range of the analyzer used. The 
exceptionally high noise-level was al- 
most entirely due to the note corre- 
sponding to the number of teeth in the 
hobbing-machine wormwheel.  Har- 
monics of the main note, and others, 
were also present but were of second- 
ary importance. The banded marking 
corresponding to the main note was 
very clear. No quantitative measure- 
ments of noise were made in Kipling, 
but both wheels showed the banded 
marking characteristic of non-creep 
machines with periodic drive errors. 
Each tooth of the hobbing-machine 
wormwheel had impressed a “band” on 
the wheels, giving rise to a frequency, 
at full power, of approximately 1220 
cycles per second. By recutting the 
gears on a creep machine the noise was 
reduced to a satisfactory level. 


It had been hoped that with the gear 


- sets of Scorpion and xipting, measure- 


ment of the motion of the worm-table 
drive had ensured the reduction of 
overall errors to an acceptable value. 
This hope was not fulfilled, however, 
owing to errors of concentricity in the 


bevel drive to the worm. Turbine- 
blade failures in aircraft escort-carriers 
revealed the magnitude of the vibra- 
ting forces imposed by such errors on 
components coupled to the gears. 
Measurements of the axial and tor- 
siona! movements of the pinions under 
similar conditions were later made, 
using Sperry and other equipment. The 
interpretation of these measurements 
requires care, and it is desirable to 
examine the manner in which typical 
errors can produce periodic exciting 
forces. 


When several teeth are in contact at 
once, the errors on the teeth arising 
from errors in the lead-screw thrust, 
the creep ring, or worm errors in creep 
machines, are not generally in phase. 
These errors occur in either parallel or 
spiral bands around the circumference 
of the gears. The bands of errors are 
short in pitch and so are only slightly 
relieved by the local bending of the 
teeth, and, because they are out of 
phase, the resulting periodic force has 
a frequency of (number of teeth in 
contact) X (bands engaged per second 
by any one tooth). The errors pro- 
duced by the worm error of non-creep 
cut gears are in phase on all teeth, and 
the lines of the crests and hollows are 
roughly parallel to the line of contact 
of pinion and wheel. In the case where 
the combined radius of curvature of 
pinion and wheel surfaces is less than 
that of the valleys of the error, when 
the inertia of the system is infinite, the 
additional load imposed on the teeth is 
given by the product (amplitude of 
error) X (tooth stiffness). Reduction 
in inertia results in reduction in load. 
The value of the periodic force will be 
a small fraction of that given by this 
product. 


These considerations can be applied 
to the case of Cavalier, which had a 
gear similar to that of Kipling. The 
amplitude of undulation was reported 
to be 0.000342 in. Assuming a tooth 
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stiffness of 3 xX 10~* in. per 1000 Ib. 
per inch of face width, and that the 
non-creep errors were in phase on the 
two helices, the additional load per 
inch caused by the error is (34.2 X 
10-°)/(3 « 10-7) = 1140 Ib. per inch, 
which is one-quarter of the loading at 
the ends of the helices. The periodic 
exciting torque imposed on the pinion 
and turbine is then approximately one- 
quarter of the full-power torque. These 
additional periodic loads on the gear 
teeth are reduced by any reduction in 
stiffness of the coupling between the 
pinions and the driving member. The 
gears of Creole, a sister ship to 
Cavalier, were cut on a non-creep ma- 
chine having 700 teeth in the master 
wormwheel, and they had an ampli- 
tude of worm undulation of less than 
0.0002 in. after hobbing, and still less 
when shaved. On trials they showed 
the merest trace of vibration and noise 
from this error. When the combined 
radius of curvature of pinion and 
wheel surfaces is greater than that of 
the “valleys” of the error, the disturb- 
ing force is no longer simple harmonic, 
and the energy is spread over a multi- 
plicity of frequencies. 


During the year before the 1939-45 
war, scuffing occurred in five ships. 
Four of these, Egret, Pelican, Speedy, 
and Sphinx, had gears cut on non- 
creep machines, but the fifth, Shear- 
water, had gears cut on a creep ma- 
chine. In Shearwater there was evi- 
dence of misalignment, so that, at the 
beginning of the war, the assumption 
that failures would be confined to gears 
of small ships cut on non-creep ma- 
chines was justifiable. Fig 3. shows 
the starboard high-pressure pinion of 
Shearwater after scuffing had taken 
place. The appearance is typical of 
the defect. 


In this group the significant features 
are: (1) Failure of the pinion surface 
occurred on the pattern of high spots 
imposed by errors in the hobbing ma- 


chine. On the wheel, damage was not 
limited to these spots. The phenomenon 
was repeated in all later casés except 
that of Quorn. (2) Lapping out high 
spots on the pinion, as in the case of 
Pelican, reduced scuffing but did not 
guarantee its elimination. (3) In 
Speedy and Sphinx there was evidence 
of concentration of load at one end. 
(4) Hand work was sufficient to make 
the gears run satisfactorily. 


This type of failure is essentially one 
of lubrication. Heat generation at local 
high points and the high local-loading 
cause breakdown of the oil film and 
produce metal-to-metal contact with 
seizure of the two surfaces. Failure 
starts on the high spots on the pinion, 
because they are in more frequent 
contact. 


Fic. 3.) Tyricat Scurrinc. 


In May, 1940, gear failure occurred 
in Fernie, the first of several failures 
in the Hunt-class destroyers over a 
short period of time. An undulation 
recorder was completed in time to be 
used in the subsequent examination. 
The effect of the undulations, which 
arose from variations in temperature 
of the gear-hobbing machine while cut- 
ting, was a significant feature. These 
undulations are frequently referred to 
as “daily bands.” As several firms 
were cutting gears, a review was made 
of their methods, and of the undula- 
tions given by their machines. This 
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Fic. 4. Scurrinc Due to Locat INTENSITY OF 
LoapDINnG. 


review showed that gears cut by the 
firms using the best standards of mesh- 
ing and temperature control had the 
lowest incidence of scuffing. In addi- 
tion to the common errors revealed at 
that time, a high proportion of recuts 
were found necessary to match helix 
angles, but the two firms with the best 
temperature-control and meshing ar- 
rangements did no recutting. 


Gear scuffing now occurred in Quorn, 
showing that mere lapping of pinion 
teeth did not remove long waves. Fig. 
4 shows the scuffing due to local in- 
tensity of loading on the port high- 
pressure pinion. The combination of 
daily bands, misalignment, and deflec- 
tion of the pinion under load, led to a 
local intensity of loading with conse- 
quent scuffing. The method of ensuring 
that no warp of the gearcase occurred 
in the ship was suspected, particularly 
as Shearwater and Quorn were fitted 
out at the same yard. In March, April, 
and May, 1941, gear scuffing occurred 
in Sutlej, Jumna, and Widgeon, empha- 
sizing that recutting poor gears with a 
fine cut on a good machine was of less 
value than drastic hand finishing. The 
N.P.L. axial-pitch gauge was used 
during the recutting of the gears of 
Sutlej and Jumna, and it was found 


. that gear surfaces would have to be 


much improved before the helical 
angles could be said to have been de- 
fined within 0.001 in. as measured 
along the helix. These cases threw 
further doubts on the provision and 


maintenance of alignment in the gear- 
case. 


The effect of the redistribution of 
lead caused by the torsional and trans- 
verse deflections was found to be 
closely connected with the incidence of 
failure. A small gear-set of standard 
Admiralty materials had successfully 
run at a f value of 300 during tests 
carried out by Messrs. W. H. Allen, 
Sons and Company. Here, p is the 
tangential load per inch of tooth face 
width, and d is the pitch-circle diam- 
eter. Similar tests on automobile gears 
showed the ability of gearing to trans- 
mit very high loading and, aided by the 
marking experienced on gears, con- 
firmed this analysis. 


The first failure by breaking at the 
root occurred in the Glasgow in June, 
1941. Prior to the failure, she had 
steamed on two shafts for several 
hours at one and one-quarter full- 
power torque, and on another occasion 
at one and one-tenth full-power torque, 
having lost the remaining two shafts 
by torpedo damage. In the next few 
months the low-pressure pinions were 
at full-power torque for over 6,000,000 
revolutions, and on the next examina- 
tion their teeth were found to be 
broken, and showed typical fatigue 
fractures. The wheels showed the 
markings of heavy daily bands. This 
failure led to an attempt to correlate 
quantitatively the redistribution of load 
caused by the deflection of the pinior 
by errors in helical angle, alignment, 
and by daily bands, with the results ot 
fatigue tests on large numbers of gears. 


The investigation of load redistribu- 
tion showed that, when the change had 
been made for three- to two-bearing 
pinions, the criterion of total deflection 
calculated by rules then in use had 
failed to ensure the maintenance of the 
prevailing ratio of maximum to mean 
load. Less relief of misalignment was 
found to be given by two bearings than 
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Fic. 5. Fatiave Fractures; H.M.S. ForMIDARLE.” 
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~--Helix 0-5 1L- 
ou 
—++—.++— Helical angle 


Slew plus heli- 
w 
cal angle error 
loading. 
w is the re-adjustment of the pinion axis caused by a change 
of bearings under unequal lis the 
effective face width. 


Slew. 


by three—because of the consequent 
change in bearing oil-film thickness. 
Service experience of gear marking 
had confirmed the existence of various 
possible load distributions, and it was 
now seen that, with a mean loading of 
1000 Ib. per inch and normal meshing, 
the maximum local loading could reach 
3250 Ib. to 4000 Ib. per inch; with a 
helical-angle error of 0.0015 in. over 
the face width, 4200 Ib. to 5500 Ib. per 
inch; and with a daily band 0.0005 in. 
deep, 4900 to 6500 Ib. per inch. The 
exact value depended on the value for 
the tooth stiffness, which, however, 
could not then be accurately estimated. 
Fig. 6 shows pinion deflection and 
loading curves with the effect of slew 
and helical-angle error, and Fig. 7 
shows the effect of daily bands on load 
distribution, the pinion loading being 
represented by the shaded areas. Con- 
sideration of the effects of this redis- 
tribution of load, in conjunction with 
the results of fatigue tests, revealed 
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that the margin of safety was small, 
and depended on the careful hand work 
and meshing that had been carried out. 


In all cases of failure the pinion steel 
was found to be of a suitable quality 
and micro-structure. The typical con- 
choidal marks of a fatigue fracture 
were visible with their origin at the 
roots of the teeth. No sign of ham- 
mering, bruising, or pitting of the 
working surface was visible. Fig. 5 
shows the condition of the after end 
of the pinion of the center gear set 
of Formidable after failure. 


The gear sets of Strathmore and 
Griffin, and the port-outer high-pres- 
sure set of Ajax, had V.B.B. teeth of 
0.045-in. root radius, while other cases 
had normal semi-circular fillets. With 
the latter tooth-form the stress con- 
centration is, say, 1.4, and in the 
former, 1.7. In gears with the V.B.B. 
tooth-form there is added uncertainty, 
due to the change in the load distribu- 
tion up the length of the line of con- 
tact, with any change in center dis- 
tance. Quite apart from manufacturing 
accuracy, this change in center distance 
may be influenced by temperature dif- 
ferences of the gearwheel and gear- 
case, and lead to unknown changes in 
maximum root stresses. 
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The case of Formidable’s center shait 
was confused by the contemporary in- 
cidence of axial shaft vibration, by a 
seized flexible coupling, and by a wiped 
forward pinion bearing. These factors 
did not arise on the starboard shaft. 
Initially all three of her gear sets 
apparently had good matching helical 
angles of pinion and wheel. Light was 
thrown on both failures by examina- 
tion of the port gear set, and by fitting 
the spare center set, cut on an identical 
machine using the same feed. Some 
wear had occurred on the crests of the 
undulations of the port-set pinions. 
Where the polished patches had joined 
to give a continuous bearing surface, 
the hollows left by the hob were still 
apparent. 


With the spare set, the helical angles 
of wheel and pinion, ahead and astern, 
roughly matched when the wheel and 
pinion were assembled in the gearcase 


fine-clearance bearings. Marking 


was confined to circumferential bands 
on the after helix, covering less than 
20 per cent of the face length, and on 
the forward, less than 30 per cent. 
After five weeks continuous filing of 
the wheel by shifts of fitters, this mark- 
ing was extended to three-quarters of 
the face width. Circumferential bands 
of hollows with no contact remained. 
Figs. 8 and 9 show waves in the sur- 
face of the teeth of a pinion and main 
wheel, respectively of Duke of York, 
even where bearing has not been oc- 
curring. The waves could be readily 
felt by hand. 


Fic. 8. Waves Pinton Teetu; H.M.S. ‘“‘Duxe or York.” 


657 


Combmed 
Deflection 
\ 
N 
N 
3000) 
N N N N ESS 
| 
nt 
3S. 
ng 
us 
as 
of 
ig, 
ch 
a 
er 
er 
in. 
he 
or | 
or, 
nd 
ith 
ed 


Fic. 9, Waves 1x Wurst H.M.S. “ Doxe or York.” 


In all these cases tooth failure has 
occurred along the pinion helix. Its 
position is determined by the concen- 
tration of load consequent on the de- 
flection of the pinion under load, the 
daily bands due to lack of temperature 
control during machining, and the 
errors of helix angle of the gearing 
and of alignment in the gearcase bear- 
ings. Relief due to wear, of the bad 
tooth surfaces, did not occur in time to 
prevent failure with either A.-A. or 
V.B.B. teeth. Fig. 10 shows a tooth 
failure of H.M.S. Ajax. 


The principal lessons learnt from 
war-time experience are as _ follow. 
(1) To keep noise and _ vibration, 
caused by periodic errors coming from 
the worm-table drives of non-creep 
machines, to a safe level, the depth of 
undulation from such errors must not 
exceed 0.0003 in. (2) To eliminate the 
risk of scuffing and pitting, load must 
be transmitted by at least two-thirds 
of the working surfaces of the gears. 
This may be ensured by keeping the 
surfaces free from undulations of more 
than 0.0001-in. range. (3) To eliminate 
the risk of scuffing, pitting, and break- 
ing, the relative helical angles of pinion 
and wheel, the parallelism of their axes 
in the gearcase bearings, and the free- 
dom from cross-wind of the gearcase, 
must be measured and controlled. (4) 
The effect of pinion deflections in con- 
centrating the load at the outer ends of 
the helices was critical. Through lack 
of an earlier quantitative evaluation of 
this effect, the maximum loading at the 
ends had been higher than would have 
been experienced on a pinion of two- 
thirds the face width. The value of 
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maximum local loading must provide 
the basis of design. (5) While pitting 
was unimportant, scuffing was a great 
nuisance, though fortunately it did not 
necessitate replacement of the gears. 
Breaking of the teeth at the root, how- 
ever, could be disastrous. Reliability 
in this respect is of paramount impor- 
tance. 


For all small ships with A.-A. tooth- 
form, a pitch of 4/10 in. was adopted 
in 1939. Similar small pitches were 
used with British Standard tooth 
forms. In 1939 it was realized that 
gear-scuffing troubles in Italian cruisers 
was not due to excessive pitch, and a 
pitch of 8/10 in. was then adopted for 
the fast minelayers, Ark Royal (1942) 
and light fleet-carriers (1943). The 
designs of tooth-form adopted recently 
benefit from the experience of the 
United States Navy as well as of the 
Royal Navy. Pinion length: diameter 
ratios do not now exceed 2:1. 


Fie. 10. Toorm Faure; H.M.S. “ Azax.” 


The development of shaving exist- 
ing gearing in place, will enable the 
present gearing of the existing large 
ships to be given a useful margin of 
safety against root failures, without 
incurring the expensive removal of the 
gears through an armored deck. Two 
sets of gearing of a destroyer have 
been shaved in this manner, the wheels 
in their gearcases in place in the ship, 
and the pinions in the shop. Although 
these gears were originally of a good 
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hobbed finish, the improvement in the 
amount of load-carrying surface was 
remarkable. Equipment for this work 
was developed under the auspices of 
the Admiralty Vickers Gearing Re- 
search Association (A.V.G.R.A.). 


Experience in the fields of automo- 
bile and aircraft gearing has assisted 
in setting the present standard of pro- 
duction and resulted in improved re- 
liability. Research to investigate the 
conditions in the oil film between teeth, 
and the effects of scuffing and surface 
pitting is now in progress. Already, 
from full-scale experience and from 
disc testing, it is clear that any undula- 
tion of less than %4-in. wave length, 
and more than 2 x 10° in. deep, leads 
to local areas of increased heat gen- 
eration and of increased stress, and 
hence to a reduction in reliability. 


The additional loads due to misalign- 
ment and to undulations of long wave- 
length can be roughly estimated. Where 
the combined deflection of the engaging 
teeth under a load of 1000 Ib. per inch 
of face width is 0.0004 in., an error of 
0.001 in. over the face in helical angle, 
or in parallelism of the shafts perpen- 
dicular to the common plane, will en- 
tail a difference in load between the 
ends of 2500 Ib. per inch of face width, 
and an increase in the maximum load- 
ing by 1250 lb. per inch of face width. 
A long undulation due, for example, to 
a daily band of 0.0004-in. depth, will 
impose an increase in the maximum 
local loading of 500 Ib. per inch. With 
a fine surface finish and the present 
soft materials, wear does not correct 
helical-angle errors, daily bands, or the 
strain due to pinion deflection under 
load. Stronger materials, in general, 
provide an increase in resistance to 
wear greater than the simultaneous 
increase in resistance to root failure. 
It is evident that economical use is not 
being made of gears until their align- 
ment is within 0.0005 in. 


To obtain the necessary standards 
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of accuracy, essential requirements in 
gear cutting and finishing are: (1) 
Hobbing machines to B.S.S. 1498-1948, 
grade “A.” (2) Temperature control 
of machine and cutting, to + 1 deg. F. 
(3) A post-hobbing process, such as 
shaving or lapping. Such equipment is 
now in limited use. In some cases the 
permissible errors on the as-hobbed 
gears according to B.S.S. 1498-1948 
have been halved. Shaving or lapping 
has then improved the surface and 
corrected slight differences in helical 
angle between the pinion and wheel. 
Grinding provides similar accuracy 
and finish. For this correction, and for 
a close control of helical angles, two 
further items are essential: the axial 
pitch gauge and an accurate meshing- 
frame. With this equipment and skilled 
craftsmen, it appears practicable to 
maintain a match of helical angles of 
pinion and wheel to within 0.0003 in. 
No quantitative control of profile on 
large gears is practiced at present. 


Dimensional accuracy in the produc- 
tion of marine gears and their gear- 
cases is of prime importance, and the 
achievement of such accuracy has been 
due, in the main, to the development of 
new measuring apparatus. The undu- 
lation recorder made a great improve- 
ment in quality of the product, and the 
axial-pitch gauge and meshing frame 
are making another. The development 
of means to assess the accuracy of 
alignment of gears and gearcase as- 
semblies is still in the initial stages. 


The present practice is that double- 
helical gears are hobbed, shaved, and 
meshed in a meshing frame. The 
pinions are selectively shaved to the 
wheel. Single-helical gears are ground, 
and meshed in a meshing frame. The 
pinion helical angle is reground to 
match the wheel: meanwhile, the gear- 
case has been bored. When mandrels, 
levels, and stick gauges are used, the 
error in measuring the parallelism of 
the bores may be up to 0.002 in. With 
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improved equipment this should be re- 
duced to 0.001 in. The bearings are 
fitted to the gearcase and the gears 
placed in them. Marking is then ap- 
plied to the gears and one of the pinion 
bearings is adjusted to give the best 
meshing, which will provide alignment 
within perhaps 0.0003 to 0.0005 in. over 
the face. This meshing test is at 
present the most accurate check of the 
parallelism of the axes of the gearing 
elements. 


In the United States during the 1939- 
45 war, for a number of “locked-train” 
gearcases of similar design, jigs were 
in general use, and much setting-up 
time was thus saved, though the ac- 
curacy of parallelism of boring was no 
higher than with other methods. Two 
attempts are now being made to save 
setting-up time, and, in addition, to 
bore to a higher degree of accuracy 
with jigs. When jigs are used, the first 
essential is to set them up in the cor- 
rect relative positions, free from cross- 
wind, and the second is to employ ade- 
quate steadies correctly aligned. The 
alignment of the steadies may be 
checked by means of an alignment 
telescope and targets, and after boring 
the results may be measured by the 

. Same means. A recent test showed that 
the tolerances required in locked-train 
gears, to ensure even sharing of the 
load between the trains ahead and 
astern, have been obtained, and that the 
accuracy of measurement of parallelism 
is about 0.0005 in. 


As gears are produced to such high 
standards of accuracy, the possibility 
of achieving interchangeability has 
assumed importance. In the event of 
failure of the gearing, interchangeable 
parts may be replaced with no hand 
fitting. The alternative is to allow an 
adjustment of one of the bearings to 
provide true meshing, the adjustment 
being done preferably in a controlled 
manner using a fixture for boring, or 
by a pad and adjustable liner behind 
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the shell as in the steam gun-boat 
pinion bearing. In either case, with 
double-helical gears, where it is desired 
to replace only one of a pair of mesh- 
ing gears, provision must be made to 
ensure that the included helix angles 
of the original and replacement gears 
are held to close tolerances. The pres- 
sure angles and base pitches must be 
similarly controlled. 


If conventional bearings are to be 
used, and no hand fitting is to be 
allowed, extremely close tolerances 
would have to be maintained on the 
difference in dimensions between the 
following features, in pairs, for any one 
pinion or wheel: journal diameters; 
bearing bores; bearing-shell thickness; 
bearing outside diameter; and bearing- 
housing diameters. All these tolerances, 
except for that of bearing-housing 
diameters, could be provided now, but 
the tolerance on the parallelism of the 
bores of the gearcase housing would 
have to be reduced to about one-third 
of the best achieved to date. For the 
present, therefore, adjustment of the 
bearings by hand must be accepted. 


The freedom from cross-wind of the 
gearcase has been checked by the use 
of an alignment telescope on an accu- 
rate rotary table, the departures from 
a plane of targets on selected positions 
also being checked. It is not yet clear 
whether this method will control the 
cross-wind to the degree of accuracy 
required. A gearcase is being designed 
which will have the torsional stiffness 
requisite for mounting on three local 
areas. In view of the adverse working 
conditions under which the checking of 
gearcases is undertaken in war-time, 
the ability to dispense with the difficult 
check on cross-wind would be welcome. 


In the field of small gearing, several 
methods of producing heat-treated 
steel gears are in use. Three of these 
methods may be used in the production 
of large marine gears, namely: (1) 
hobbing and shaving the already heat- 
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treated material. Shaving of material 
up to 80 tons per square inch ultimate 
tensile strength has been accomplished, 
though this may exceed the economic 
limit. (2) Cutting and grinding the 
already heat-treated material. Steel of 
80 tons per square inch ultimate tensile 
strength, similar to En 30, has been 
used for gearwheel rims finished in 
this way. (3) Hobbing or cutting, 
case-hardening and grinding. Steel 
similar to En 36 has been used for 
70-in. diameter gearwheel rims. Until 
recently, the use of a medium-carbon 
steel for gearwheels was justified on 
the grounds that wheel-teeth wear 
could relieve errors in alignment, or, 
alternatively, by local yielding at the 
root, avoid fatigue failure. Experience 
of bruised teeth, and knowledge of the 
increased yield strength of carbon steel 
at rapid rates of loading has shown 
that neither of these safeguards really 
exist. 


The primary quality required of gear 
materials is resistance to failure in 
bending under the stress concentration 
to be found at the root, say, 1.3 to 1,7. 
Another desirable quality is resistance 
to pitting and wear. This latter is, in 
general, a measure of the hardness. 
With regard to resistance to fatigue in 
bending, data from full-size specimens 
are difficult to find, and tests are now 
going on by A.V.G.R.A. to provide 
further information on typical steels. 
As freedom from tooth failure by root 
fracture is the primary requisite, the 
justification for a difference of allow- 
able loading between naval and mer- 
chant ship gears, based on difference 
of hours running at full power, dis- 
appears. Neither type of ship can 
afford such failures. A difference in 
standards of production would be the 
only possible justification for different 
loading standards. 


An increase in root strength of 
hobbed and shaved gears may shortly 
be obtained by skin hardening through 
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induction heating, using a steel of ade- 
quate carbon content. This process 
should not incur excessive distortion. 
It is not yet available for production, 
however. With small gears this method 
of surface hardening does not produce 
an increase in operating strength com- 
parable with that obtained with the 
same increase of hardness in a through- 
hardened steel, but with large gears 
experience suggests that the converse 
is true. Increased interest in the 
processes of case-hardening and grind- 
ing resulted. For gearwheels too large 
in diameter for case-hardening, air- 
hardening steel could be used, but 
grinding would still be necessary. 


The inherent possibilities and limita- 
tions of the two techniques, of hobbing 
and shaving heat-treated steel, and of 
case-hardening and grinding, have thus 
become prominent. It will be of value 
to examine two current designs of 
similar power using these two tech- 
niques, and loading based on existing 
experience, and the production devel- 
opment and testing work now being 
undertaken to maintain production 
standards. 


Two alternative designs have been 
accepted for a ship in which the gear- 
ing ig a significant part of the ma- 
chinery weight, namely, double-helical, 
hobbed and shaved gears; and single- 


helical, case-hardened and_ ground 
gears. The first of these relies on ful- 
filment of the basic requirements of: 
close temperature control; reduction of 
undulations to a degree permitting 
rapid removal of material by shaving, 
and, or alternatively, lapping, and close 
control of helical angles; and safe- 
guarding the gear meshing by adequate 
control of the boring and adjustment 
of gearcase housings and bearings. In 
addition, the first design is based on 
either the use of the strongest material 
that can be hobbed and shaved accu- 
rately, and produced in the quantities 
required in an emergency, or the use of 
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a slightly inferior but more readily 
available material necessitating correc- 
tion of the helical angle of the pinion 
to provide even distribution of loading 
at high powers. 


The loading chosen is based on ex- 
perience with these materials and on 
the results of the United States Na- 
tional Boiler and Turbine Laboratory 
back-to-back tests. With the second 
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design, the material of the pinions and 
wheel rims of the single-helical gear 
sets will be similar to specification En 
36, but will have a low carbon content. 
Both designs are required to fit the 
same shaft and turbine centers. No 
correction of the pinion for deflection 
is envisaged for the second design. 


The following are details of ma- 
terials accepted at present: 


Ultimate 
S pecifica- Tensile 
Type of Gear tion of nage re of Strength, 
Material Tons per 
Sq. in. 
Primary and main En 30 0.3 per cent carbon; 4% 60-65 


wheels 


per nickel-chro- 
mium 


Primary and second- 
ary pinions 


0.4 per cent carbon; 2.5 
per cent nickel-chromi- 
um-molybdenum 


A great deal of information on the 
aspects of design and production stand- 
ards which control the load-carrying 
capacity of gearing can be gained “from 
back-to-back testing on shore, and ac- 
cordingly tests have been arranged of 
hobbed and shaved gears, to be carried 
out by Pametrada, using: (a) spare 
gearing made for the steam gunboats; 
(b) gearing of harder materials in the 
same gearcases; and (c) gearing with 
pinions corrected to compensate for 
deflection under load. Sets (b) and 
(c) will be produced by A.V.G.R.A. 
Tests of case-hardened and ground 
gears are to be carried out by Pametrada 
using gears produced by A.V.G.R.A., 
representing a primary train of a 
double-reduction set. Similar tests are 
to be carried out by Messrs. Vickers- 
Armstrongs Limited, Barrow, using 
gears produced by A.V.G.R.A. and 
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ground by the Maag Gearwheel Com- 
pany of Zurich, representing the sec- 
ondary train. A second set of test 
gears has been made by Maag em- 
ploying steel supplied by Poldi, which 
they are accustomed to using. 


The limitations on the length: diam- 
eter ratios of pinions caused by deflec- 
tion are illustrated in Fig. 11. This 
diagram has been drawn for only one 
value of tooth stiffness and bearing 
size, but its general implications apply 
to pinions as a whole; it shows the 
load concentration on single and double 


helical pinions. With an - ratio of 


2.5, where I is the effective face width 
and d the pitch-circle diameter, the 
maximum loading, with simple straight 
correction would be 2000 Ib. per inch, 
and with parabolic correction, 1000 Ib. 
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a 
Mean load of 1,000 Ib. per inch {=: re 


per inch. With the same —- ratio, the 


maximum loading for uncorrected 
pinions would be 4500 and 3300 Ib. per 
inch on the forward and after helices 
respectively. Ideally, the helix angle 
should be continuously varied over the 
whole width, this being referred to as 
parabolic correction. An approxima- 
tion to this may be obtained by two or 
more steps in each of which the helical 
angle is kept constant; this is known 
as straight correction. 


The idea of correcting pinion helices 
was considered by Parsons, but gears 
are only now being made of sufficient 
accuracy to permit the application and 
measurement of these corrections. 
While correction for deflection and 
misalignment is common practice in 
the automobile and traction fields, its 
application to the marine field has been 
delayed, not merely because of prac- 
tical difficulties, but also because of a 
number of uncertainties. These were: 
the limits within which the position of 
the center of the bearing reaction is 
known, and hence, in part, the amount 
of deflection imposed; the limits within 
which the value of tooth stiffness is 
known; the effect of wear at partial 
loads; the problems of meshing; and 
the lack of actual practical experience. 
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An adequate estimate of the position 
of the center of the bearing reaction 
can be made by assuming that the 
pressure carried by the oil film is in- 
versely proportional to its thickness. 
Departures from parallelism of the 
journal and bearing axes shift the 
center of pressure less than one-fifth 
of the bearing length. An estimate of 
tooth stiffness can be made from avail- 
able information. Wear at partial loads 
does not affect the correction given to 
traction and automobile gears of hard 
material. The use of a dummy pinion, 
with teeth made to the unloaded and 
uncorrected helix angle, to be used 


against the wheel in the meshing frame 


and in the gearcase bearing, should 
enable satisfactory meshing and align- 
ment to be maintained. The necessary 
tests are now being undertaken. 


The simplest form of correction of 
double-helical gears is to hob or grind 
the pinion to the helix angle which will 
give similar loading at each end of the 
helix under load. An improved form 
is to provide the unloaded helix angle 
on the inner thirds of each helix and 
to apply the corrected helix to the outer 
two-thirds only, as shown in Fig. 12. 


Helix --->1 Gap k--- Helix 
Pinion = 2-5 


Corrected over two-thirds of each helix. 
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——-—— Three-quarter load. 
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Corrected over two-thirds of cach helix. 


Shaving back the outer quarter gives 
further improvement, as shown in Figs. 
13 and 14, and safeguards against high 
end-loading due to small errors in 
alignment. It is hoped to apply this 
kind of correction to the gears of 
existing ships when the wheels are 
shaved. One of the sets to be tested 
by Pametrada will have a correction 
applied in this way; the other will have 
a continuous correction over the whole 
face. This has been provided by using 
correcting-cam control of the hob 
saddle-nut as used in master screw- 


Fig. 14. 
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a Loading with continuous correction. 
6 Loading with continuous over-correction of } x 10-3 in. at 
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cutting lathes. A slight over-correction 
to safeguard against alignment errors 
can be provided with advantage, as 
indicated in Fig. 15. 


The test pinions will be ground over 
half their faces to the nominal helix, 
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and over the halves nearer the driving 
ends they will have an increased angle 
to compensate for deflection. This will 
provide approximately 20 per cent re- 
duction in maximum loading at the 
designed power. The loading pinion 
will be ground to the nominal helix 
over a third of the length only, and 
corrections will be applied to each end, 
as shown in Fig. 16. With these cor- 
rections the local loading at the de- 
signed power will be reduced to half 
that otherwise imposed. Without them 
it would not be certain that this pinion 
would outlast the test pinions and, 
hence, be available for later testing of 
other sets. 


For second-reduction gears an in- 
vestigation was made into the amount 
of tip relief required to relieve the 
stress concentrations due to the “dig- 
ging-in” effect at the roots of the mat- 
ing teeth, the buttress effect of the 
adjacent unloading tooth section, and 
the improvement of local lubrication 
conditions; the tip relief required at 
24,000 h.p. was estimated to be 0.002 in. 
Provision has also been made for end 
relief of 0.003 in. over a distance of 
¥4 in., for both the secondary and pri- 
mary gear-trains. In both cases the 
roots of the teeth are to be polished 
in a direction perpendicular to the 
groove, to improve fatigue strength. 


Two additional tests will be carried 
out in the second-reduction series. In 
one, both pinion and wheel will be 
made of steel to specification En 24, 
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and skin hardened by induction heat- 
ing, and, in the other, a case-hardened 
and ground pinion will drive an air- 
hardened hobbed and shaved wheel 
with ultimate tensile strength of 60 to 
65 tons per square inch. The outcome 
of these tests will not be known for 
some time, but the following implica- 
tions of the two designs may be noted. 
Serving as an articulated design for 
two turbines at their present accepted 
loadings, they could transmit 5800 hp. 
to a shaft running at 100 rpm., from 
turbines running at 2500 rpm. With 
the same diameters, and face widths 
increased to give length : diameter ra- 
tios of 1.8 and 2.6 for the single and 
double helical gears respectively, and 
if the tests confirm that the corrections 
for deflection are fully effective, they 
could transmit 10,000 hp. The amount 
of additional power, which the tests 
confirm can be carried safely, will be 
of great interest. 


While a great deal of work has been 
carried out in the past few years in 
improving marine gears, much remains 
to be done. As in other fields of engi- 
neering, the ideas which collectively 
provide the thread of development, and 
which have come to many different 
persons in various countries, have, in 
their translation into practice made 
demands on the techniques of various 
branches of engineering. The future 
pace, certainty, and effectiveness with 
which development will proceed will 
depend on the continuance and im- 
provement of this cooperation. 


00 
00 
200 
200 
a. at 
ion 
ors 
as 
ver 
lix, 
0005" 
if 
665 
i 


ENGINEERING 


MARINE ENGINEERING PROGRESS 


TECHNICAL PROGRESS IN MARINE 


DURING 1950 


Britain in marine engineering during 1950. 
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This article, which was published in the January 1951 issue of “The Ship- 
builder and Marine Engine-Builder,” deals principally with developments in Great 


Over the years, the réviewer of tech- 
nical progress in marine engineering 
has invariably been taxed to find a de- 
velopment of the previous 12 months 
which could, in truth, be described as 
the outstanding one of the year. Occa- 
sionally there has been a landmark, 
such as the adoption of high-pressure, 
high-temperature steam machinery, the 
introduction of pulverized fuel for ma- 
rine use, the coming of the double- 
acting marine Diesel engine, and so on. 


DIESEL 


Perhaps the most significant develop- 
ment of the past 12 months has been 
the success which has attended the em- 
ployment of heavy fuel oil, sometimes 
referred to as boiler oil, in Diesel pro- 
pelling machinery. Without exploring 
the economics of these heavier grades 
of oils as fuels in motorships, it is now 
clear that their utilization by motorship 
owners is justified and has come to 
stay. 


In this connection, the work done by 
Mr. John Lamb, O.B.E., of the Anglo- 
Saxon interests, is outstanding. His 
patient researches in association with 
Messrs. R. and W. Hawthorn, Leslie & 
Co., Ltd., St. Peter’s, Newcastle-on-Tyne, 
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Looking back, such years have not 
necessarily been the most fruitful in 
point of sound and sustained progress, 
even if they have provided an accept- 
able landmark around which to build 
this yearly review. The years in which 
high activity and steady progress have 
been the order of things are inevitably 
the most fruitful years from the point 
of view of marine engineering progress ; 
which is as it should be. 


culminating in the employment of 
heavier fuel oils (named Ordoil by the 
Shell organization), are fresh in mem- 
ory. The Auricula, which has now 
been in service for a considerable peri- 
od, has amply justified Mr. Lamb’s 
confidence in this important develop- 
ment. Other ships of his company’s fleet 
have confirmed these initial successes. 
The British Tanker interests and 
Messrs. William Doxford & Sons, Ltd., 
have also done important work in this 
field during the past year or so, and 
other well-known British motorship 
owners are successfully running vessels, 
many with Doxford and Harland-B. & 
W. machinery, in which heavier grades 
of fuel oil are employed. 
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It is fitting that tribute be paid to the 
close cooperation of the leading manu- 
facturers of centrifugal purifiers. With- 
out suitable purifying and clarifying 
machinery, the use of heavy fuels would 
not have been attended with the good 
results so far realized. Indeed, so suc- 
cessful has been the whole broad de- 
velopment, that even heavier and more 
difficult fuels are likely to be used in 
the future, and there is no doubt that 
the employment of so-called boiler oils 
in the auxiliary engines of motorships 
is the next forward step in this inter- 
esting connection. 


On the subject of motorship progress 
generally, one of the significant develop- 
ments of recent years has been the 
rising popularity of the opposed-piston 
engine. We have previously commented 
upon the marked preference which most 
superintendent engineers and operators 
have for the single-acting engine, largely 
on grounds of ease of maintenance. 
Despite the increased number of bear- 
ings and the more expensive crankshaft 
of the opposed-piston engine, this de- 
sign is, at the present time, the type of 
single-acting engine most favored for 
installations of any considerable power. 
The Doxford opposed-piston design is 
today built under license by more than 
20 firms in several countries and, dur- 
ing the past year, further license ar- 
rangements were concluded—the engine 
is now, for example, also to be built in 
Norway. 


The first of the Doxford trawler-type 
engines went into service last year in 
the single-screw vessel Lammermuir. 
As the description of the unit at the 
time of its completion showed, this en- 
gine is essentially a scaled-down version 
of the larger Doxford engines, Messrs. 
William Doxford & Sons, Ltd., having 
wisely refrained from introducing any 
untried features. It is understood that 
a number of trawler owners are inter- 
ested in this type and, we believe other 
engines of this design will be put in 
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hand in the engine works of Messrs. 
John Lewis and Sons, Ltd., Aberdeen, 
in the near future. It is our opinion, 
however, that this new development, 
interesting though it is, is not likely to 
be so important in the future as the 
present tendency towards even more 
powerful versions of the Doxford engine. 
In this connection, it may be recalled 
that the parent firm have constructed a 
large single-cylinder experimental en- 
gine at their Palmers Hill Works at 
Sunderland, and even larger units are 
under consideration. 


Meanwhile, Messrs. Barclay, Curle & 
Co., Ltd., Whiteinch, Glasgow, have re- 
cently completed the most powerful 
Doxford engine which has yet been 
built, although the cylinder dimensions 
are not so large as those of some Sun- 
Doxford engines built a few years ago. 
This Barclay Curle-Doxford six-cylin- 
der engine has a bore of 750 mm. and 
a combined stroke of 2500 mm. (1450 
mm. + 1050 mm.), and the normal de- 
signed output is 8000 B.H.P. at 104 
rpm. The engine is one of a pair or- 
dered by Norwegian owners for single- 
screw oil-tank ships of 18,500 tons 
deadweight, and several other engines 
of this size are on order. The engine 
is of the now familiar type, with three 
lever-driven scavenging-air pumps, and 
a Doxford-Bibby detuner is fitted to 
the forward end of the crankshaft. It 
is interesting to note that, on test, 
9068 I.H.P. was carried for one hour 
at 104 rpm., representing 8000 B.H.P., 
i.e., a mechanical efficiency of 88.3 per 
cent. 


Earlier last year, equally interesting 
two-stroke cycle, opposed-piston en- 
gines of the Harland-B. & W. design 
were built at Belfast and Greenock by 
Messrs. Harland and Wolff, Ltd., and 
Messrs. John G. Kincaid & Co., Ltd., 
respectively, for installation in single- 
screw vessels. These units, it is of in- 
terest to note, have the same cylinder 
bore as the Doxford unit just referred 
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to, while the main-piston stroke is 1500 
mm. and that of the exhaust pistons 500 
mm. The Kincaid-built engine was the 
first of a series ordered by Messrs. 
Alfred Holt & Company, and was in- 
stalled in their single-screw motorship 
Bellerophon. The maximum service rat- 
ing is 7600 B.H.P. at 110 rpm. and it is 
arranged to run on heavy fuel oil. 


In general design, these Harland- 
B. & W. opposed-piston engines (some- 
times referred to as the “coverless” 
type) differ basically from the Doxford 
conception of the two-stroke cycle, 
opposed-piston engine. The design 
which Messrs. Harland & Wolff have 
developed during recent years is sup- 
plementary to their double-acting en- 
gine, and makes use of the well-tried 
arrangement of side rods and eccentric 
rods, the upper-piston eccentrics being 
integrally cast with the cast-steel main 
crank webs. This construction, of 
course, makes for a fairly short crank- 
shaft. The layout works well in prac- 
tice and results in a compact and ac- 
cessible engine. Unlike the Doxford 
unit, scavenging air is supplied by twin 
rotary-type blowers. 


In regard to performance, maneuver- 
ability and flexibility, there seems to 


There were indications last year that 
interest in indirect drive for motorships 
was everywhere increasing. In the De- 
cember Number of this journal, for 
example, a description was given of the 
main machinery of the oil-tank motor- 
ship Atlantic Duchess, which is pro- 
pelled by two Gray-Polar two-stroke 
cycle, six-cylinder engines driving a 
single screw through Vulcan hydraulic 
couplings and David Brown single- 
reduction single-helical gearing. The 
machinery arrangement is neat and of 
moderate weight, and the engines re- 
quire little headroom—features which 
should commend themselves particularly 
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be nothing to choose between the two 
types. Both are good examples of the 
large directly-coupled marine oil engine 
which, despite the alternative forms of 
indirect drive, is likely to be the prin- 
cipal type of motorship machinery for 
many years to come. Indeed, it would 
not be indulging in overventuresome 
prophecy to say that these large single- 
acting, directly-coupled oil engines by 
no means represent the limit of power 
output which we are likely to see in 
single-screw motorships. Steam machin- 
ery for such vessels has stepped ahead 
of the Diesel engine, with present shaft 
outputs of 14,000 to 15,000 H.P., but 
it is unlikely that the protagonists of 
the motorship will remain satisfied with 
outputs of the order of 8000 S.H.P. 


A new two-stroke cycle engine of 
neat design and considerable promise 
is the Werkspoor-Lugt unit, the de- 
velopment of which has gone steadily 
forward since the death of Mr. G. J. 
Lugt. This engine, with its ingenious 
valve gear, excellent accessibility and 
arrangements for supercharging, is of 
an advanced design which should be 
simple and economical to build. Up to 
the present, however, there has been no 
announcement of orders for such en- 
gines having been placed. 


to owners seeking an attractive layout 
for passenger motorships. The total out- 
put of these engines is 4720 B.H.P. at 
250 rpm., which speed is reduced to 120 
rpm. at the propeller shaft. The engine 
installed in the Atlantic Duchess and 
in other vessels having Gray-Polar in- 
stallations is the latest larger Polar 
MT-type unit, which develops approxi- 
mately 400 B.H.P. in a cylinder 500 
mm. in diameter by 700 mm. stroke. 
The scavenging arrangements are in- 
teresting in that twin rotary blowers of 
simple design are provided, one for 
ahead operation and the other for astern. 
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Engines of the same general type are 
also manufactured by Messrs. John G. 
Kincaid & Co., Ltd., but, up to the 
present, they have not been built in the 
Govan works of British Polar Engines, 
Ltd., an establishment which, incident- 
ally, is remarkably busy at the present 
time and which has a very full order 
book for the future. 


Another medium-power, two-stroke 
cycle, all-port engine which has proved 
itself in marine service is the Crossley 
so-called scavenge-pump, exhaust-pulse- 
charging design, which is noteworthy 
for the close attention which has been 
given to the cylinder-scavenging and 
charging processes. One of the most 
interesting Crossley installations of the 
past year was that fitted in the Swedish- 
built single-screw motorship Etrog. In 
this vessel (noteworthy as the most 
highly-powered Crossley-engined ves- 
sel yet completed), two Crossley stand- 
ard reversible two-stroke cycle engines 
drive a single screw through electro- 
magnetic couplings and single-reduction 
gearing. The two engines are rated to 
develop 3000 B.H.P. at 320 rpm.; the 
propeller shaft rotates at approximately 
124 rpm. 


The name of Sulzer Brothers has, of 
course, been identified with geared Die- 
sel drive in many important installa- 
tions, the most noteworthy being that 
of the Rotterdam Lloyd motor liner 
Willem Ruys, of 32,800 B.H.P. total 
output. Recently, orders have been 
placed by the Compagnie Générale 
Transatlantique and the New Zealand 
Shipping Co., Ltd., for geared installa- 
tions having the latest type of Sulzer 
two-stroke cycle engine. Four orders 
have been placed by the latter owners, 
all with geared Diesel engines of the 
Sulzer type. Messrs Alexander Stephen 
& Sons, Ltd., Linthouse, Govan, Glas- 
gow, are to build three. The lowest- 
powered vessel, to be named the Corn- 
wall, will have two Stephen-Sulzer 
eight-cylinder engines, each of 4000 
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B.H.P. and transmitting their power to 
a single screw..through Vulcan-type 
hydraulic couplings and single-reduction 
gearing. The main engine rotates at 
225 rpm. and the propeller at 100 rpm. 
The second vessel, to be named the 
Surrey, will have two similar nine- 
cylinder engines, each rated to develop 
4500 B.H.P. at 225 rpm. In this in- 
stallation, the drive to the gearbox will 
be taken through B.T.H. magnetic 
couplings, and here, again, the propeller 
speed will be 100 rpm. A similar but 
more powerful layout is to be employed 
in a third vessel, which will have two 
Stephen-Sulzer ten-cylinder engines. 
The fourth of the series is to have 
Sulzer engines manufactured by Messrs. 
John Brown & Co., Ltd., Clydebank, 
and each engine will be of 5500 B.H.P. 
An interesting feature of all these im- 
portant new single-screw vessels. is that 
the engines are to be arranged for 
operation on heavier-grade fuel oil. 


Some time ago, Messrs. Geotge Clark 
(1938), Ltd., organized their works at 
Sunderland for the construction of Sul- 
zer two-stroke cycle engines of medium 
power. The test-bed trials of the first 
Clark-Sulzer engine was witnessed by 
representatives of the technical Press 
and created a most favorable impres- 
sion. The unit has a service rating of 
1125 B.H.P. and is a direct-reversing 
unit, with a separate scavenging-air 
pump for each cylinder, in accordance 
with the latest Sulzer practice. The en- 
gine, which was installed in the collier 
Portsmouth (2500 tons deadweight), 
was opened up after the vessel’s first 
six months of service. During this peri- 
od she had covered 16,000 sea miles and 
carried a total cargo of about 52,000 
tons, with an average speed of 10.53 
knots during loaded southbound trips. 
The corresponding propeller speed was 
211 rpm. and the all-purpose fuel con- 
sumption over the period worked out 
at no more than 4.26 tons per day. 


When the main engine was inspected, 
all eight pistons, liners, piston rings, 
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gudgeon pins, big-end bearings, etc., 
were found to be in excellent condition, 
while selected main bearings and other 
parts were opened up for inspection 
with equally gratifying results. 


Other engines of this type are in 
hand, and there is no doubt that this 
well-designed engine represents a wel- 
come addition to the range of medium- 
speed, two-stroke cycle marine engines 
of moderate power,: available in this 
country. 


Diesel-electric drive—the alternative 
form of indirect Diesel propulsion—has 
not been represented by many important 
installations during the past year. In 
this respect, mention must be made of 
the four important Argentine dredgers 
with English Electric pressure-charged 
Vee-type engines, which were followed 
by a vessel of the same general type 
from Holland, but with M.A.N.-type 
engines. This latter vessel and one of 
the Clyde-built craft are somewhat 
larger than the remainder; all were 
placed in service some time ago. 


An interesting Diesel-electric vessel 
of the year is the pilot craft Sir Thomas 
Brocklebank, which Messrs. Philip & 
Son, Ltd., Dartmouth, have recently 


In these yearly reviews, caution has 
been the watchword in the reviewer’s 
comments upon the marine gas turbine. 
No subject is of greater interest to the 
marine engineer, and its potentialities 
for certain types of ships and services 
are unquestionably great. Some of the 
most eminent firms in the marine en- 
gineering world, including, among 
others, the British Thomson-Houston 
Co., Ltd., Messrs. John Brown & Co., 
Ltd., Messrs. Brown, Boveri & Co., 
Ltd., the Escher, Wyss Engineering 
Works, Ltd., the Metropolitan-Vickers 
Electrical Co., Ltd., Messrs. Ruston & 
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completed for the Mersey Docks and 
Harbor Board. This 13% knot, 165-ft. 
vessel has a single screw which absorbs 
920 S.H.P. at 300 rpm. The main ma- 
chinery contractors were the General 
Electric Company, Ltd., of London, and 
the two Diesel engines which drive the 
375-kw. main generators and 80-kw. 
tandem auxiliary generators are four- 
stroke cycle, six-cylinder units, sup- 
plied by the National Gas & Oil Engine 
Co., Ltd., Ashton-under-Lyne. Each 
prime mover develops 640 B.H.P. at 
520 rpm. and pressure-charging is ac- 
complished by blowers, driven by ex- 
haust-gas turbines. The engines are of 
the latest National type, each cylinder 
having four valves actuated by a very 
neat valve gear. 


This type of machinery is ideally 
suited to the conditions encountered in 
pilot service, and the performance of 
the Sir Thomas Brocklebank will be 
watched with keen interest by other 
harbor authorities. This compact and 
efficient machinery layout should appeal 
to overseas harbor authorities looking 
for an economical installation for craft 
of this type. The machinery has the 
important merit that it affords easy 
and well-nigh perfect maneuverability. 


Hornsby, Ltd., and Messrs. Sulzer 
Brothers in Europe, as well as several 
leading manufacturers in the United 
States of America, are giving the prob- 
lems of the marine gas turbine deep 
study, most of them have had pioneer 
units on test or are approaching that 
stage. Pametrada—the research organi- 
zation of the British marine turbine- 
building industry—is also closely en- 
gaged on marine gas-turbine work and 
has a number of advanced proposals 
under consideration. 


The fact remains, however, that no 
large-scale marine gas turbine is yet at 
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sea. Dr. T. W. F. Brown, Director of 
Research of Pametrada, and other au- 
thorities in this field have made some 
interesting pronouncements in regard 
to the marine gas turbine, and not a 
few shipowners are sympathetically in- 
terested in development work. Now that 
boiler oil is being widely used as fuel 
for motorships, marine gas turbines will 
have to be capable of successfully using 
the heavier grades of bunker oil. This 
should not present any real difficulties 
for designers, and perhaps, before the 
next review of marine engineering 
progress is written, something further 
will be said on the general subject. 


It should be recorded that a small 
marine gas-turbine installation was 
demonstrated a short time ago in the 
River Thames by the manufacturers of 
the Rover car, who have already at- 
tracted attention by their successful 
demonstration of a gas-turbine motor- 
car. Briefly, it may be recalled, the 
Rover Company installed, in a former 
Air Sea Rescue 60-ft. vessel, two of 
their small gas-turbine units for driv- 
ing the wing shafts, the central screw 
having a Dorman Diesel engine for 


In the steam machinery field, some 
interesting installations were completed 
during the year, and a number of these 
incorporate features of considerable 
technical importance. Although not by 
any means the largest installation of the 
year, the turbine machinery of the cross- 
Channel steamship Brighton comes im- 
mediately to mind. It may be recalled 
that the Brighton has two sets of single- 
casing, single-reduction geared tur- 
bines, in the design of which the Par- 
sons and Marine Engineering Turbine 
Research and Development Association 
collaborated; like the ship, the turbines 
were built by Messrs. William Denny 
& Brothers, Ltd., Dumbarton. The de- 
sign is interesting in that the split cast- 
steel turbine-cylinder barrel is carried 
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cruising at moderate speeds. Each gas- 
turbine unit in this craft comprises a 
compressor (driven by a gas turbine), 
while the output turbine drives the 
corresponding shaft, through 7:1 re- 
verse-reduction gear, at a propeller 
speed of about 850 rpm. The vessel ran 
well, and the combustion characteristics 
were excellent, but the omission of a 
heat-exchanger from the circuit in- 
volved a penalty in high fuel consump- 
tion—as much as 1.25 lb. per B.H.P. 
per hour at the full output of 150 
B.H.P., with ordinary Diesel oil. With 
suitable heat-exchanging equipment, 
there appears to be nothing to prevent 
an estimated specific consumption of 
0.8 Ib. per B.H.P. per hour being at- 
tained. 


The weight of these turbines is very 
moderate, as are the overall dimensions 
of the plant; and, provided compact 
heat exchangers can be devised, a gas- 
turbine plant of this type, but of ap- 
preciably higher power, should have 
possibilities for the propulsion of motor 
torpedo-boats and other high-speed 
craft. 


within an outer shell by two pairs of 
palms at the horizontal center-line level, 
one pair being in line with the nozzle 
belts and the other at the after (or ex- 
haust) end of the ahead portion. 


The exhaust steam from both the 
ahead and astern sections passes through 
the cylinder barrel proper into the fab- 
ricated supporting outer casing, and is 
carried thence to the underhung con- 
densers, which are of the Weir regen- 
erative single-flow pattern. 


The design possesses many ingenious 
and interesting features which cannot 
readily be discussed without a drawing. 
One of the most unusual of these is the 
elimination of insulation and lagging on 
the turbine casing, which remains cool at 
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all power outputs. The design is char- 
acterized by simplicity, and close atten- 
tion has been paid to the avoidance of 
distortion. As the turbine is of all- 
impulse pattern, no dummy piston is 
necessary; any axial thrust is taken 
care of by the Michell-type turbine ad- 
justing block. 


The reduction gearing is interesting 
in that the all-addendum double-helical 
gears were shaved after being hobbed, 
in the interests of accuracy and silent 
running. Naturally, with a single-casing 
arrangement, the appearance of the sets 
is somewhat unusual; but. for a vessel 
of this class, the decision to adopt tur- 
bines of this type, wherein ultimate in 
economy is not so important as com- 
pactness, moderate weight, simplicity 
and high astern power, has been justi- 
fied on all counts. The performance has 
been up to expectations and it is not 
unlikely that this installation will form 
a prototype for future British cross- 
Channel turbine steamships. 


A very interesting machinery con- 
tract was placed last year by Messrs. 
Alfred Holt & Company, for two sets 
of single-screw geared-turbine machin- 
ery for vessels ordered from the Cale- 
don Shipbuilding & Engineering Co., 
Ltd., Dundee. These geared turbines 
are designed to operate with steam at 
a pressure of 600 Ib. per sq. in. (gauge) 
and a final temperature of 950 deg. F. 
Constructed by the Metropolitan- 
Vickers Electrical Co., Ltd., of Trafford 
Park, Manchester, these sets are de- 
signed for a maximum output of 8000 
S.H.P. at 112 rpm., with an economical 
power of 7250 S.H.P. 


Very close attention has clearly been 
paid to obtaining a high degree of 
economy, with a flat fuel consumption 
curve, and features which might be re- 
garded as experimental have been ex- 
cluded. A three-casing layout has been 
adopted, and only the low-pressure 
cylinder contains astern elements—the 
astern power is less than 45 per cent 
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of the full ahead power, a figure which 
is considered adequate for a cargo liner. 
The h.-p. rotor is designed to run at 6000 
rpm. at maximum output, the i.-p. turbine 
at 4500 rpm. and the L.-p. at 3000 rpm. 
The forged molybdenum-steel h.-p. rotor 
has integral wheels, and the i.-p. turbine 
wheels are also forged integrally with 
the shaft. For the l.-p. rotor, separate 
forged wheels are shrunk and keyed to 
the shaft, in the familiar fashion. Be- 
cause of the high initial temperature of 
the steam, the h.-p. casing takes the form 
of a molybdenum vanadium-steel cast- 
ing. 

Steam is admitted to the h.-p. turbine 
via three nozzle groups, controlled from 
a single shaft by a valve which oper- 
ates the nozzles in correct sequence, 
the high normal output of 7250 S.H.P. 
being obtained with two groups of 
nozzles. The double-reduction gearing 
is arranged in two separate cases of 
fabricated construction. 


This interesting turbine design, which 
should show excellent economy, has no 
doubt been influenced by the Man- 
chester firm’s successful experience in 
the design and construction of geared 
turbines for oil-tank ships and cargo 
liners during the war, and its perform- 
ance will be watched with great inter- 
est in due course. 


One of the most important ships of 
the year, and one possessing a very in- 
teresting machinery layout, is the 
Anglo-Saxon Company’s oil-tank ship 
Velutina (28,330 tons deadweight) on 
a draught of no less than 34 ft. 2 in. 
Built by Messrs. Swan, Hunter & Wig- 
ham Richardson, Ltd., this noteworthy 
ship has attracted considerable atten- 
tion in that she is the first of the British 
so-called super-tankers—vessels which, 
however, will be dwarfed in size, if 
American plans to build steam-propelled 
oil-tank ships of no less than 40,000 
tons deadweight materialize. 


The Velutina has a three-casing set 
of double-reduction geared turbines de- 
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veloping 13,000 S.H.P. at 106 rpm. and 
designed by Pametrada. The three main 
boilers are of the Babcock & Wilcox 
single-pass water-tube type, and are 
neatly arranged in a compact boiler- 
room located above and aft of the main 
machinery. Two boilers are situated 
over the thrust recess, the third being 
on the same flat, immediately astern. 
Steam is generated at a pressure of 500 
Ib. per sq. in. and a temperature of 750 
deg. F. The installation has been con- 
structed by the Wallsend Slipway & 
Engineering Co., Ltd. 


The double-reduction gearing is of 


the popular articulated (or cascade) 
type, whereas in certain earlier British 
single-screw cargo liners, with turbines 
of approximately the same power, the 
older form of interleaved gearing has 
been employed. An important feature of 
the boiler plant is the automatic com- 
bustion-control equipment—a _ develop- 
ment which, it should be remarked, is 
becoming increasingly popular in this 
country. It is certainly one which does 
not lack justification from the point of 
view of fuel economy. 


Reference to automatic combustion- 
control equipment and appreciation of 
some of the design features being in- 
corporated in modern British geared- 
turbine plant, make it fitting to observe 
that our American friends have, in re- 
cent years, made notable contributions 
to marine engineering progress. In addi- 
tion to pioneering automatic combus- 
tion-control apparatus in ships, Ameri- 
can manufacturers have, through their 
enterprise, increased the popularity of 
the two-casing geared turbine and the 
cascade form of double-reduction gear- 
ing, while the Foster Wheeler water- 
tube boiler. which has found much favor 
in this country, is an American design 
which also comes to mind in this con- 
nection. It is interesting to find, there- 
fore, that two-casing geared-turbine 
machinery of American design and 
manufacture was last year installed in 
important Dutch tonnage, and is, in 
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point of fact, to be fitted in some ships 
ordered a short time ago from Scottish 
builders. 


The machinery installation of the 
Dutch single-screw liner Diemerdijk is 
representative of this class of geared- 
turbine equipment, consisting essentially 
of the standard General Electric ma- 
chinery built for the American C3-class 
vessels. The normal rated output of 
8500 S.H.P. is developed at 85 rpm. of 
the propeller, and steam is provided at 
a pressure of 440 lb. per sq. in. and a 
temperature of 740 deg. F. The two 
Foster Wheeler D-type boilers are 
equipped with Todd oil-burning appara- 
tus and automatic combustion-control 
equipment. 


The two-casing cross-compound tur- 
bines have astern elements in the L.-p. 
casing only. The two-stage velocity- 
compounded astern turbine, which is lo- 
cated at the forward end of the L-p. 
casing, is capable of developing 80 per 
cent of the normal ahead torque at 
about 42.5 rpm., with full-ahead steam 
flow. 


The double-reduction gearing is ar- 
ranged in three planes, the axes of the 
two high-speed pinions being in the 
upper plane, those of the high-speed 
gear wheels and low-speed pinions in 
the intermediate plane, and that of the 
main gear wheel below, in line with the 
propeller shafting. The low-speed pin- 
ions have a quill-drive arrangement. 


An interesting feature of the engine- 
room of this Dutch vessel is the Ameri- 
can Aldrich variable-stroke reciprocat- 
ing-type feed pump—a motor-driven 
unit, with plungers driven from the 
pump crankshaft by means of connect- 
ing rods with link-motion interposed. 
The discharge from the pump is varied 
through the servo-operated link-motion 
by means of a thermostat on the auto- 
matic feed-water regulator. The driving 
motor is a _constant-speed . machine, 
while the stroke of the three pump 
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plungers may be varied from zero to 
4¥Y, in., in the manner mentioned. 


Reference has been made in the tech- 
nical and shipping press during the 
past year to the fact that most of the 
reconditioning program carried out in 
British yards since the war is coming 
to an end. Last year saw the reintroduc- 
tion into commercial service of three 
especially interesting large ships in 
which large-scale work has been carried 
out. The most important of these is, of 
course, the French liner Liberté, former- 
ly the German liner Europa, which has 
been extensively refitted at the Penhoét 
yard, Saint Nazaire. 


By current standards, the machinery 
layout of the ex-Europa is not modern, 
and, not unnaturally, the question of 
providing new turbines and boilers was 
not neglected. In the event, however, 
the existing machinery has been thor- 
oughly overhauled ; and, while the rather 
wasteful steam-driven auxiliaries .have 
had to be retained, economy has been 
improved by replacing the original 
turbo-generators by modern machines. 
These sets are installed in one generator 
room, and the Diesel-driven equipment 
is in another. The four fairly large 
Diesel generators (with M.A.N. en- 
gines) have been replaced by modern 
dynamos, driven by General Motors 
Vee-type, two-stroke cycle, uniflow- 
scavenging engines, and these should 
prove to be more easily maintained at 
this stage of the vessel’s career, and 
should be wholly reliable. 


In pre-war days, the German East 
Africa 18-knot turbine ships Pretoria 
and Wéindhuk created something of a 
stir in technical circles, with their (for 
that time) advanced turbines and Ben- 
son boilers, designed for an_ initial 
steam pressure of 1135 lb. per sq. in. 
and a temperature of 896 deg. F. at the 
superheater outlet. Bold in conception. 
these installations were provided with 
Askania automatic equipment for con- 
trolling the flow of feed water, fuel oil 
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and combustion air. In service, how- 
ever, the ships were not entirely suc- 
cessful; and, like some of the German 
warships (also with Askania gear) of 
which great things were expected, per- 
formance in respect of fuel consumption 
and general reliability left something to 
be desired. 


The Pretoria, after extensive modifi- 
cation by Messrs. John I. Thorny- 
croft & Co., Ltd. at Southampton, is 
now the British troopship Empire Or- 
well. The two Benson boilers and 
Askania gear have been removed, and 
in their place a pair of Thornycroit- 
built Foster Wheeler controlled-super- 
heat boilers have been installed. These 
are provided with the excellent Thorny- 
croft oil-burning equipment of latest 
type, and are designed for a pressure 
and temperature at the superheater out- 
let of 500 Ib. per sq. in. and 800 deg. 
F. respectively. The output of the tur- 
bines has been reduced from 13,000 to 
11,000 S.H.P., with a corresponding 
decrease in speed from 18 to 15 knots. 
The three-casing turbines have been 
modified, the Pametrada Research Sta- 
tion having collaborated in planning the 
important changes which have been 
made in the interests of economy. 


New steam piping has also been pro- 
vided, and the large number of turbo- 
driven auxiliaries has been drastically 
reduced in favor of modern electrically- 
driven equipment. The German auxil- 
iary turbo-generators have been over- 
hauled, and the original geared turbines 
which drive the main circulating pumps 
have been modified in the light of the 
altered steam conditions. 


Altogether, the difficult task of modi- 
fying and improving the machinery has 
been accomplished in a most praise- 
worthy fashion. Reliability should be 
normal, and the fuel rate at all loads is 
now appreciably better than it was with 
the original—and  unjustified—steam 
conditions. 
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The other notable steam-turbine modi- 
fication which calls for mention here is 
that which Messrs. Thornycroft have 
carried out in the renowned British 
liner Monarch of Bermuda, re-named 
the New Australia. The vessel now 
operates in the emigrant service be- 
tween the United Kingdom and Aus- 
tralia. In the course of the extensive 
alterations which have been made, the 
appearance of the ship has been com- 


pletely altered, though the G.E.C. turbo-. 


electric machinery remains largely as 
originally installed. It has, of course, 
been completely overhauled, as have the 
four Babcock & Wilcox three-pass boil- 
ers. New four-blade propellers have 
been provided by the Manganese Bronze 
and Brass Co., Ltd., Birkenhead; and, 
altogether, this fine quadruple-screw 
ship represents a valuable addition to 
the tonnage available in this important 
service. Under her new name, the ves- 
sel has a service speed of about 18 
knots, as compared with her original 
speed of 21 knots, economy being of 
prime importance. 


Reference to turbo-electric machin- 
ery recalls that the Société Générale de 
Constructions Electriques et Mecaniques 
Alsthom, of Belfort—the builders of the 
turbo-electric machinery of the Nor- 
mandie—completed a very fine twin- 
screw turbo-electric installation last 
year for the 24,000-S.H.P.  trans- 
Mediterranean liner Kairouan. This 
vessel is designed for a service speed of 
23 knots, current being generated by a 
pair of two-pole turbo-alternators which 
deliver 9020 kw. when driven at 3375 
rpm. The initial steam conditions are 
500 Ib. per sq. in. pressure and 750 
deg. F. temperature. 


For economical running, one turbo- 
alternator is capable of supplying both 
propelling motors, so that a shaft out- 
put of 10,900 hp. at about 145 rpm. is 
available. 


The pattern adopted successfully in 
the Normandie has, to some extent, been 
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followed in the new ship, an interest- 
ing feature of which is that the main 
and auxiliary machinery is arranged in 
what is virtually four machinery spaces. 
The aftermost of these accommodates 
the two propelling motors. Forward of 
this is a boiler-room, which houses four 
La Mont forced-circulation boilers, de- 
signed for a steam pressure of 575 Ib. 
per sq. in. and a temperature of 800 
deg. F. at the superheater outlets ; three 
of these boilers are sufficient to main- 
tain full power. 


An unusual feature is that the boilers 
have separate uptakes which do not 
unite until the boat-deck level, with 
appreciable improvement in the layout 
of the public rooms. The boiler circu- 
lating pumps are motor-driven units, 
and these, with the forced-draught fans 
and other auxiliaries, are installed in 
the boiler-room. The propulsion-control 
desk is in the next machinery space, 
which houses the two main _turbo- 
alternators, distillers and various auxil- 
iary pumps, although the driving motors 
of the main circulating pumps are at 
the other side of the bulkhead, i.e., in 
the forward machinery compartment. 
This contains two 1850-kw. auxiliary 
geared turbo-alternators and three 250- 
kw. Diesel alternators, which supply 
current for various purposes. The 
Kairouan was the only important 
European-built turbo-electric ship of 
last year, and it will be interesting to 
see in due course how she compares 
with geared-turbine vessels in the same 
service. 


Before concluding this survey, it 
should be recorded that specialists in 
oil-burning appliances for marine pur- 
poses have of late given close attention 
to the improvement of their equipment. 
The quality of boiler oil available today 
is such that efficient combustion is not 
so easily obtained as it was at one time, 
while the march of progress in connec- 
tion with boilers and machinery has 
made it desirable that the performance 


n 
of 
tO 
is 
r- 
id 
id 
t- 
r- 
se 
st 
re 
it- 
ir- 
to 
ng 
ts. 
en 
he 
en 
rO- 
0- 
lly 
ly- 
cil- 
er- 
nes 
aps 
the 
has 
ise- 
be 
is 
vith 

) 


MARINE ENGINEERING PROGRESS 


of oil-burning equipment should reflect 
that advance. “Doping” of fuel oil is 
frequently resorted to in order to facili- 
tate good combustion and moderate 
maintenance outlay. 


One of the leading firms in the ma- 
rine oil-burning field, the Wallsend 
Slipway & Engineering Co., Ltd., have 
recently introduced a new single-control 
air-distributing unit in connection with 
their widely-used Wallsend-Howden 
oil-burning system, so that all classes 
of lower-grade fuel oils can be burnt 
effectively and economically. With this 
improved equipment, atomization is 
very efficient and the formation of de- 
posits on the heating surfaces is stated 
to be virtually eliminated, while (most 
important in passenger vessels) such 
deposits as do leave the funnel top are 
dry and free from oily or combustible 
matter which might settle on decks, 
boat gear, etc. 


The vanes of the air deflector in this 


improved distributor impart a_high- 


speed whirling motion to the combus- 
tion air, the whole device being so 
arranged that a short flame is ‘obtained. 
All internal parts are fixed, so that no 
regulation or adjustment is required by 
the boiler-room staff. The burner is 
encircled by a tube along which passes 
an air supply, the burner being thereby 
kept cool and the formation of carbon 
deposits (in maneuvering for example) 
minimized. 


At the same time, the firm have in- 
troduced an effective electric lighting- 
up torch for marine use, the current 
for this being provided by a battery 
which can at all times be maintained 
fully charged by means of a trickle- 
charging device operating from the 
main electrical circuit. There is no 
doubt that the elimination of paraffin, 
cotton waste and the like for lighting 
a burner is a desirable and practical 
step, and this equipment should prove 
no less popular than the improved oil- 
burning gear here briefly described. 
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COOLING OF ELECTRONIC APPARATUS 
AT HIGH ALTITUDES 


at altitudes above 50,000 feet. 
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advantages and disadvantages of several systems for cooling electronics apparatus 


The problem of maintaining the op- 
perating temperature of airborne elec- 
tronic apparatus within allowable lim- 
its has become increasingly difficult 
with increased operating altitudes of 
aircraft. Design trends point toward 
imposition of higher altitude conditions 
on the apparatus than has been con- 
sidered heretofore. The marginal lim- 
its of conventional air cooling systems 
are now being encountered in pro- 
peller-type airplanes. Such systems 
may be expected to be unacceptable in 
future aircraft which will include high- 
altitude, jet-propelled designs. 


Altitude tests on radiators for water- - 


cooled engines have shown that the 
cooling effect of the atmosphere is 
proportional to the mass flow of air 
through the radiator. As the density 
of the atmosphere decreases with alti- 
tude, a progressively greater volume of 
air must pass through the radiator in 
order to maintain the same cooling 
effect. Considering altitude variation 
of atmospheric density alone, main- 


’ tenance of the same cooling effect as 


at ground level would require a two- 
fold increase in volume of cooling air 
at 22,000 ft.; fourfold at 40,000 ft.; 
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tenfold at 59,000 ft.; and hundredfold 
at 120,000 ft. These figures are based 
on the standard atmosphere used by 
the National Advisory Committee for 
Aeronautics. 


Other tests on aircraft engine radia- 
tors have shown that for the same 
mass flow of air, the amount of heat 
dissipated is proportional to the tem- 
perature difference between it and the 
radiator liquid. Within certain lower 
altitude limits, atmospheric tempera- 
ture decreases with altitude. 


This improves the atmosphere as a 
cooling medium by both increasing the 
temperature difference and retarding 
the loss in density. The NACA stand- 
ard atmosphere follows a series of 
straight lines connecting the following 
points: The ground-level temperature 
is 59° F., which decreases to —67° F. 
at 35,332 ft. remains constant to 
104,987 ft., then increases to 170.6° F 
at 164,042 ft. remains constant to 
196,850 ft., decreases to —27.4° F. at 
255,910 ft., remains constant to 272,310 
ft., then increases to 215.6° F. at 
393,700 ft. and further with increased 
altitude. This last altitude is well below 
those being reached in some rocket tests. 
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Here, the atmosphere would heat rather 
than cool many of our currently ac- 
ceptable radio-circuit components. It is 
recognized that the standard atmos- 
phere may not agree with actual con- 
ditions. However, it lies within the 
limits of error of available experi- 
mental data. 


Combining and plotting the tempera- 
ture-altitude and density-altitude data 
gives the curve shown in Fig. 1. The 
sharp knee defines the point beyond 
which ambient air cooling offers next 
to nothing. Somewhere before this 
point is passed, an altitude will be 
reached where the blower motor will 
not move enough air to dissipate the 
losses of it alone. The increase in 
volume of moved air that results from 
increased speed of the blower due to 
the lighter atmosphere was not in- 
cluded in Fig. 1. 


Packing the apparatus with dry ice 
offers a simple solution of the cooling 
problems. However, the dry ice is not 
always easily obtainable and it has a 
low heat absorption per pound of ma- 
terial. It would require evaporation of 
11.7 lb. of dry ice to absorb one kwhr. 
On the other hand, there may be some 
special application where it will prove 
to be the basis for a practical system. 


Another proposed method allows the 


evolved heat to boil some material and . 


subsequently discharge the heat over- 
board in the vapor. Under conditions 


where the apparatus would need in- 


sulation from other heat sources as in 
some jet-propelled aircraft, such a 
system seems appropriate. For a prac- 
tical system it would be required that 
the expendable evaporant: 


1. Have high latent heat of vapori- 
zation in order to limit the over- 
all weight of the system, espe- 
cially on long-time flights. 


2. Be cheap. 
Be easily obtainable. 
4. Boil at a suitable temperature. 
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Figure 1 


Figure 2 shows the boiling tempera- 
ture versus altitude of a number of 
possible materials. These materials 
were selected because of wide distri- 
bution and ease of storage. Figure 2 
also indicates the amount of heat ab- 
sorbed by each in heating from 25° C. 
up to a boiling temperature of 45° C. 
plus the latent heat of vaporization. 
Methyl alcohol satisfies all require- 
ments. It has a high heat of vaporiza- 
tion compared to most other materials. 
However, it is far exceeded in this 
respect by water. Heating and vapor- 
izing 3.3 Ib. of water is sufficient to 
dissipate a kilowatthour. The objec- 
tional feature of water is the high 
boiling point. This objection would be 
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eliminated in the upper atmosphere. 
At 30,000 ft. water boils at 69.2° C. 
The material could be made satisfac- 
tory from about that point upward. 
An expendable water-evaporant system 
would prove satisfactory under condi- 
tions where the aircraft climbs to the 
stratosphere before the temperature of 
the total volume of liquid becomes too 
warm to protect the equipment. The 
liquid temperature could be limited for 
an extended period by initially adding 
the water as an ice and water mixture 
or the boiling temperature could be 
limited for a time by using a water 
solution of methyl alcohol. 


For comparative purposes, two com- 
plete cooling systems were fabricated. 
Both are designed to remove the heat 
generated by electronic apparatus in a 
pressurized case designed for operat- 
ing at high altitude. 

In order to get an indication as to 
what degree of the "equired increased 
volume of cooling air might be pro- 
vided by the increased speed of blowers 


driven by direct-current series motors, 
a number of blowers were tested in an 
altitude chamber. The results of these 
tests indicated that doubling the speed 
is about as much as can be expected at 
70,000 ft. Assuming that there is no 
loss in efficiency of the blower fan, 


this would about double the volume of. 
air moved at that altitude. For cooling: 


effect equivalent to ground level, Fig. 1 
indicates a volume increase of eight 
times is needed at that altitude. 


It is apparent that air blower sys- 
tems will be of no utility above an 
altitude which is still some distance 
below the 100,000-ft. knee on the curve 
of Fig. 1. On the other hand, it is 
reasonable to assume that where the 
atmosphere is sufficiently dense to sup- 
port conventional propeller airplanes, 
it will be sufficiently dense to be utilized 
as a cooling medium. The official alti- 
tude record for propeller-type air- 
planes currently is 59,445 ft. Above 
this altitude, a new type of cooling is 
desirable and sometime before the knee 


Figure 3 
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Figure 4 


of Fig. 1 is reached, a new type, not 
dependent on the atmosphere, is nec- 
essary. 


Figure 3 shows an air-to-liquid heat 
exchanger with circulating blower for 
use in a pressurized case. This unit 
was built around standard aircraft oil 
cooler parts. As copper was used for 
ease of fabrication and as there were 
extensive flat surfaces which had to 
withstand a pressure of one atmos- 
phere, the unit became quite heavy. 


Its weight of 50 Ib. can probably be 
cut to about half, if redesigned with 
weight-saving in view. It has a ca- 
pacity of 2 gal. which is sufficient to 
dissipate about 5 kwhr. It is 19 in. 
long, 7 in. wide, and otherwise dimen- 
sioned to’slip into a 12-in. diameter by 
a 36-in. long test case. Provisions were 
made to prevent the liquid from direct 
discharge due to surges, pitching, ac- 
celeration, or deceleration of the air- 
craft. No attempt was made to design 
the unit to function with the aircraft 
continuously inverted. 


Figure 4 shows a_ second air-to- 
liquid heat exchanger with circulating 
blower for use in the same pressurized 
test case as was used with the previous 
model. This unit is built of perforated 
aluminum plates, gaskets, two-end fit- 
tings, and necessary tie bolts. The 
design appeared to offer advantages in 
ease of fabrication and in easy adapta- 
tion to varied requirements. 


The unit weighs 33 Ib. It has a 
liquid capacity of 6 qt., is 14 in. long, 
and has a diameter of 11% in. 


All three systems were tested with 
internal heat loads varying from 500 to 
1000 w. At all loads, a 5-in. axial- 
flow blower drawing 140 w. was cir- 
culating the interior air. The tests 
were made on the laboratory bench. 


Figure 5 shows the results of the 
tests on the air-to-liquid heat ex- 
changer based on oil cooler parts. For 
1000-w. internal heat load at 50,000 ft., 
the exchanger would receive the in- 
terior circulating air at 79.5° C., and 
return it at 72° C. These temperatures 
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Figure 5 


would be 61.5° C. and 54° C., respec- 
tively, at 70.000 ft. This represents a 
temperature rise of 44° C., over the 
temperature of the boiling water. 


Figure 6 shows the results of the 
tests on the air-to-liquid heat exchanger 
designed around the perforated alumi- 
num plates. To duplicate the tempera- 
tures obtained on the previous air-to- 
liquid exchanger would require reduc- 
ing the heat load to 500 w. The same 
interior blower was used as in the 
previous case. 


Both these air-to-liquid heat ex- 
changers had about the same area ex- 
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INTRODUCTION 


Present trends indicate that starters 
rated at more than 1000 hp. will be used 
on turbojet engines in the near future. 
Less than twenty years ago 1000 hp. 
was the objective of aircraft engine de- 
velopment. 


Our largest reciprocating engine, the 
3500-hp. R4360 engine, requires only a 
5-hp. starter. The reason for this dis- 
parity of starting-power requirements 
is this: a reciprocating engine requires 


STARTING DATA 


The drag and torque data of a typical 
turbojet engine, Fig. 1, will illustrate 
the starting characteristic of a gas- 
turbine engine. At rest, a breakaway 
drag is encountered. The breakaway 
drag has been omitted from this chart. 
On engines tested by the writer, break- 
away drag has been smaller than the 
peak running drag. At low speed the 
engine drag is low. Engine drag in- 
creases as speed increases in a fashion 
typical of a blower. The values of drag 
shown on Fig. 1 are for normal tem- 
peratures. At —65° F., the increased 
density of charge will increase the drag 
by about 35%. A much greater increase 
may be caused by mechanical friction. 


starting assistance to only 2 or 3% 
of its rated speed, whereupon ignition 
may be initiated and the engine will 
develop sufficient power for satisfac- 
tory acceleration; on the other hand, 
turbine engines require assistance of 
a starter to 20% or more of rated 
speed. Since power is a function of 
speed and torque, the high-speed crank- 
ing is the reason for the higher start- 
ing power required by gas turbines. 


FOR JET ENGINES 


ANe 


TORQUE LB. FT. 


ENGINE ROTOR SPEED, R. 


Figure 1 
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In one axial-flow turbine tested at the 
Power Plant Laboratory, Air Materiel 
Command Headquarters, low-speed drag 
at —65° F. was double the normal drag. 


At about 600 rpm., ignition may be in- 
itiated; the energy added to the air by 
the combustion reduces the drag. In the 
vicinity of 800 to 900 rpm., drag re- 
duces to zero and the engine has 
reached a minimum self-sustaining 
speed. Above the minimum self-sustain- 
ing speed, engine torque becomes avail- 
able. This torque is used for accelera- 
tion. However, the torque available is 
not adequate for satisfactory accelera- 
tion until the engine reaches the starter 
cut-out speed, 1600 rpm., or slightly in 
excess of 20% of maximum rotor speed, 
which is 7950 rpm. Rated thrust of this 
engine is 5000 lb. This engine uses an 
electrical starter. The torque charac- 
teristic of the electrical starter is ap- 
proximately as shown. Current and 
torque are held very nearly constant 
from stall to 900 rpm. engine rotor 
speed by varying the voltage to the 
starter. The torque of an electrical 
starter using a constant voltage source 
would normally peak at stall and de- 
crease with increasing speed. Assuming 
ignition at 600 rpm., this starter will 
accelerate the engine to 1950 rpm. in 
approximately 36 sec. The peak power 
developed by this starter is 19 hp. 


A constant-torque device which de- 
livers 85 Ib. ft. of torque, 31.5 hp. at 
1950 rpm., is required to provide the 
same duration of start. This brings out 
the fact that power rating of a starter 
is not fully descriptive of the capabil- 
ities of a starter. The shape of the 
curve of starter torque versus speed 
must also be considered in predicting 
the performance of the starter on a 
given engine. Therefore, the power of a 
constant-torque starter which gives per- 
formance equivalent to the performance 
of a given starter will be referred to 
as effective horsepower of that starter. 


2 
2 
: 
TimE SECS 
Figure 2 


The starting data which have been 
considered were determined from de- 
celeration runs and acceleration runs on 
the engine. The formula used to derive 
the data is as follows: 


60 dt 


where T is torque, lb. ft. 


P is polar moment of inertia, lb. 
ft.? 

N is engine rotor speed in rpm. 

t is time in seconds 


Figure 2 shows the data of a decelera- 
tion run and an acceleration run. The 
data of Fig. 1 for drag and engine 
torque were calculated from this in- 
formation. During the deceleration run, 
fuel was cut off so that there was no 
combustion. During the acceleration run 
the gas temperature in the tail pipe was 
maintained at a constant value of 1275° 
F. It may be noted that the time to 
accelerate from 2000 rpm. to 3000 rpm. 
may be reduced by approximately 50% 
by raising the tail-pipe temperature 
200° F. 


The reciprocating engine went 
through the torments of being super- 
charged not long after it became air- 
worthy. If a similar fate overtakes our 
turbojet engine which is rated at 5000 
Ib. thrust, an increase in pressure ratio 
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from 4.5:1 to 7.45:1 will be accom- 
panied by an increase in thrust to ap- 
proximately 9200 Ib. (Fig. 3) and a de- 


THRUST = 5000™ 


THRUST =9200° 
TSsFc<.9 


Figure 3 


crease in fuel consumption from 1.15 
Ib./hr./Ib. of thrust to less than 0.9 
Ib./hr./lb. of thrust. The redesign will 
be accompanied by an increase of com- 
pressor temperature rise from 325° F. 
to 480° F. at design speed and 60° F. 
inlet air temperature. This increase in 
temperature rise will necessitate build- 
ing a greater portion of the compressor 
using steel rather than aluminum. This, 
together with the increase of compres- 
sor and turbine stages, will increase the 
moment of inertia of the engine rotor. 
The increase in engine thrust was 
brought about by an increase in pres- 
sure ratio and an increase in air flow 
through the engine. At design speed the 
air flow is increased by approximately 
two-thirds. Increased air flow and pres- 
sure rise will increase the engine rotor 
drag during starting. Another effect of 
the redesign is a more rapid deteriora- 
tion of compressor efficiency as speed 
js decreased. Evidence of this effect is 
an increase in engine idling speed. 
Whereas the engine which delivered 
5000 Ib. of thrust idled at about 27% 
of rated speed, engine manufacturers 
have estimated that an engine such as 


the 9200-lb.-thrust engine may have an 
idling speed as high as 50% of rated 
engine speed. Hence, a considerable in- 
crease in the starter-disengagement 
speed must be expected. 


The increase in engine-rotor moment 
of inertia, the increase of engine drag, 
and the increase of starter-disengage- 
ment speed will increase the power re- 
quired to start the high pressure-ratio 
engine. Figure 4 presents curves of 


5 
Figure 4 


estimated torque required versus start- 
ing time for the 5000-Ib.-thrust engine 
and for the 9200-Ib.-thrust engine. The 
curves show that the 5000-lb.-thrust 
engine will require approximately 60 
hp. for a 20-sec. start and approximately 
400 hp. for a 3-sec. start; the 9200-lb.- 
thrust engine will require approxi- 
mately 180 hp. for a 20-sec. start and 
1200 hp. for a 3-sec. start. More than 
a sixfold increase of starter power is 
required to reduce the starting cycle 
from 20 sec. to 3 sec. Consequently, 
high-strength drives will be required 
for engines which are to be started in a 
3-sec. duration. Such high-strength en- 
gine drives may in some instances lead 
to increased engine weight. However, 
when one considers the interceptor air- 
craft for which seconds may mean the 
difference between a successful and an 
unsuccessful interception mission, one 
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may then argue that the time saved by 
the fast start is equivalent to a drastic 
increase in engine thrust in terms of 
the length of time required to effect the 
interception. This argument may be 
countered by questions concerning the 
length of time required for a pilot to 


secure himself in the aircraft and the 
length of time required to warm up 
essential electrical or electronic equip- 
ment. A further reason for considering 
starts of 3-sec. duration is that a very 
short duration starting cycle is required 
if a cartridge starter is used. 


STARTER TYPES 


ELECTRIC 


ELECTRIC 
STARTER 
( AIR BORNE ) 


WT. 61 LBS. 


Aircraft presently in service are 
started either by using electrical starters 
or starter generator. The starter gener- 
ator is very advantageous from the 
point of view that the starter will serve 
as a generator while the aircraft is in 
flight. Therefore, most of the weight of 
the motor may be charged to the gener- 
ator duty. However, reliability of a 
generator which is subjected to the 
strains of starting remains doubtful. 
Figure 5 shows the starter elements of 
an electrical system and an air-starter 
system. The 61-lb. electrical starter is 
rated at 16 hp. The 17-Ib. air starter is 
rated at 35 hp. The air starter will 


TURBINE 


AIR 


provide a faster acceleration for the 
turbojet engine with a weight saving 
of 44 Ib. per engine. In addition, large 
weight savings in ground equipment can 
be anticipated. The generating set for 
the 16-hp. electrical starter weighs 1600 
lb. The gas turbine which provides the 
air for the 35-hp. air starter weighs » 
only 88 Ibs. Assembled on a trailer with 
fuel cells and accessories, it is expected 
to provide a transportable ground power 
source which will weigh not more than 
650 Ibs. 


The systems as illustrated in Fig. 5 
are referred to as ground-supported 


685 


yf 
| | 
TURBINE 
(AIR BORNE) 
oP. 
WEA 
= 
rt- 4 A 
~ GROUND POWER e@ 1600 LBS. GROUND COMPRESSOR UNIT © 650 LBS. 
he 
ist Figure 5 
60 
aly 
b.- 
xi- 
nd 
an 
is 
cle 
tly, 
red 
na 
en- ; 
ead 
yer, 
the 
one 
|| 


STARTERS FOR TURBOJET ENGINES 


starter systems since the prime mover 
remains on the ground. An aircraft is 
said to have a self-contained starter 
system if the-fuel and the device for 
converting the chemical energy of the 
fuel are contained in the aircraft. 


The air starter is readily adaptable 
as a self-contained starter system. It is 
lightweight and it will use the fuel of 
the aircraft. The 16-hp. electrical sys- 
tem may be made to approach being 
self-contained by using a 150-Ib. bat- 
tery. One such battery will provide 
sufficient energy to crank the 16-hp. 
starter for a total of approximately 180 
sec. But this performance cannot be 
obtained when the battery is not fully 
charged, nor can it be obtained when 
operating at very low temperatures. 
Primarily because of weight considera- 
tions, development endeavor has passed 
from electrical starters to other types. 


In addition to the types of systems, 
the discussion of starters reveals an- 
other variable, the choice between a 
ground-supported system and a self-con- 
tained starter system. In a service re- 
port on the starting of aircraft equipped 
with ground-powered electrical starters, 
the maintenance officer of one of our 
interceptor bases commented on ground- 
supported systems as follows: 


“Even if the proper amount of 
power plants, operating personnel, ve- 
hicles, and drivers were available, the 
cost of equipment and the expendi- 
ture of manhours for starting a large 
number of aircraft in a short time is 
excessive beyond a doubt.” 


Tactical considerations will require 
that interceptors and some other types 
of military aircraft be equipped with 
self-contained starter systems. 

Three factors requiring consideration 
in the choice of a starter system have 
thus presented themselves : 


(1) Weight. 


(2) Suitability for operation under 
extreme cold temperatures. 


(3) Suitability as a completely air- 
borne system. 


Other factors which must be con- 
sidered are: 


(4) Bulk. 


(5) The number of starts which may 
be made without refueling. 


(6) If a special fuel is needed, the 
cost, fabrication, storage, handling, and 
supply problem introduced by the fuel. 


(7) Vulnerability to enemy attack. 


(8) Adaptability to many types of 
aircraft. 


Several starter systems can be de- 
signed which will be advantageous when 
considered in respect to several of the 
above factors. No one starter system 
which is optimum in all respects has 
been born as yet. For economic reasons, 
it can be expected that development 
effort will be concentrated on a few 


types. 


One of the chosen types is the air- 
starter system. The compressor unit 
supplies the air to the starter. The com- 
pressor unit shown in Fig. 5 is a gas 
turbine very similar to a turbojet en- 
gine. However, instead of supplying 
available energy as a propulsion jet, 
this gas turbine supplies available ener- 
gy as compressed air. 


Figure 6 is a schematic drawing of 
an air turbine starter. The available 
energy of the compressed air is ex- 
tracted by a high-speed turbine wheel. 
The reduction gear reduces the speed 
to a suitable cranking speed for the en- 
gine. A speed sensing device indicated 
as a governor in the sketch will cause 
the air to the starter to be shut off 
when maximum cranking speed ‘has 
been reached. The mechanism indi- 
cated as a clutch is an automatic engag- 
ing and disengaging mechanism. This 
mechanism is required because the 
starter turbine is designed to reach its 
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peak allowable speed when the turbojet 
is at probably 20 to 35% of its operat- 
ing speed. 


Figure 7 shows a sketch of the hy- 
drogen-peroxide turbine starter. Hydro- 
gen peroxide is fed by a pump to a 
catalyst chamber. The catalyst chamber 
is operated at 300 psi. The catalyst de- 
composes the hydrogen peroxide into 
steam and oxygen at approximately 
1350° F. These decomposition prod- 
ucts are a very desirable working fluid 
for a turbine. The drive elements of 
the starter will be similar to those in 
the air starter. The development of the 
hydrogen-peroxide starter is not being 
pursued for the following reasons: 


(1) Hydrogen peroxide is a special 
fuel item presenting problems in pro- 
curement, storage, and handling. 


CLUTCH 


CLUTCH 


Figure 6 


(2) Hydrogen peroxide of 90% con- 
centration which would be used in this 
starter has a freezing point of +13° F. 
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THE CARTRIDGE STARTER 


GOVERNOR 


CLUTCH 


SOLID 
PROPELLANT 


Figure 8 


Figure 8 shows a sketch of a car- 
tridge starter. Here the combustion 
products of the monopropellant form the 
working fluid for the turbine. The solid 
propellant shown is one which is re- 
stricted from burning on its outer diam- 
eter and on each of its ends; it burns 
on its inner diameter. The charge is 
ignited by an igniter charge of black 
powder which is set off electrically. A 
typical propellant composition for this 
application contains approximately 59% 
nitro-cellulose, 20% nitroglycerine, and 
various additives to control the burning 
rate and bind the propellant together. 
The pressure in the combustion cham- 
ber for the combustion process is ap- 
proximately 1000 to 1500 psi. The flame 
temperature of the combustion products 
is approximately 3000° F. The high 
flame temperature leads to the require- 
ment that the starter operates with a 
burning cycle of very short duration. 
Maximum success has been obtained by 


the use of a 3-sec. burning cycle. Pro- 
pellants having a lower flame tempera- 
ture are not used because such pro- 
pellants presently available have the fol- 
lowing disadvantages : 


(1) Less energy per unit weight of 
charge. 

(2) Ignition difficulties. 

(3) More residue and more solid 
matter in the combustion gases. 


For the present, a 3-sec. start is re- 
quired by the cartridge starter. The 
short starting cycle will result in high- 
power starting requirements and a 
weight penalty in the starter and pos- 
sibly in the engine. 


The solid propellants presently avail- 
able are temperature sensitive. That is, 
the burning rate varies with the tem- 
perature of the propellant. The varia- 
tion is approximately 0.2% per degree 
Fahrenheit. Hence, starter power falls 
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at low temperature, whereas the power 
required by the turbojet increases. 


There is also a storage problem. Pro- 
pellants presently available tend to crack 
when stored below —40° F. Cracking 
increases the burning area and the in- 
crease is likely to be so great that an 
explosion may occur if the propellant 
is ignited. 

The propellant is an extra supply 
item; however, it is similar to the pro- 
pellants used in solid rocket ammuni- 
tion and in solid-propellant JATO de- 
vices. 

In addition to the flame temperature 
problem there are design problems in the 
cartridge starter involving safety devices. 
These concern protection against explo- 
sion, protection against firing when the 
breech is not fully secured and protection 
against overspeed. The overspeed protec- 
tion is a most serious problem. Over- 
speeding will result in the event of a drive 
failure. The overspeed condition must be 
counteracted by wasting the energy of 
the cartridge, inasmuch as the combus- 
tidn of the cartridge cannot be stopped 
once it has been started. Moreover, 
starter torque for a single-stage tur- 
bine will remain near its maximum 
value at the limiting speed of the starter, 
because the high temperature and high 
pressure of the cartridge gases produce, 
within the turbine nozzles, a jet of 
gases which has a velocity much greater 
than the limiting pitch line velocity of 
the turbine. As a result of the high 
torque at the limiting speed of the 
starter, the starter has a very great 
tendency to overspeed. In some designs 
of cartridge starters employing a single- 
stage turbine, the limitation of speed 
has been accomplished by diverting the 
jet of cartridge gases away from the 
turbine wheel or by removing the tur- 
bine wheel from the jet of cartridge 
gases. Because of the great tendency to 
overspeed, a negligible time delay is re- 
quired of any device chosen to sense 
the overspeed and move parts to coun- 
teract the overspeed condition. A more 


desirable approach to the design of 
overspeed protection in the starter may 
be the use of a multi-stage turbine de- 
signed so that its torque falls to a small 
value at the maximum allowable operat- 
ing speed of the starter turbine. 


Other problems introduced by the 
cartridge starter involve the duct which 
must pass through the engine inlet from 
the cartridge housing to the starter. 
This duct will carry gases at 1000 psi. 
and approximately 3000° F. Engine 
problems introduced by the cartridge 
starter involve the fuel system, ignition 
system, and combustion chamber of the 
engine. These must be such that the 
engine can light off satisfactorily within 
the 3-sec. period of time and at the high 
speed to which the starter will accel- 
erate the engine; otherwise the energy 
spent by the starter will be wasted when 
the engine slows down to a speed at 
which it can satisfactorily start. De- 
spite the problems associated with the 
cartridge starter, its development is 
desired in the interest of obtaining a 
device which may be made self-contained 
without excessive weight or bulk. 


Figure 9 will show the estimated 
weights of turbine-type starters. The 
starter weight is the weight of the as- 
sembly containing the turbines, gear, 
clutch, and drive units. This will not 
include the weight of the cartridge 
housing for the cartridge starter. The 
estimated weights of gas turbines are 
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plotted against a horizontal scale of 
power of the starter for which they can 
supply compressed air. From the starter 
torque estimate for the 9200 Ib. thrust 
engine, it is found that the starter 
power required for a 20-sec. start is 
180 hp. and the starter power required 
for a 3-sec. start is 1200 hp. However, 
for the 20-sec. start an air starter hav- 
ing peak torque at stall with torque fall- 
ing to zero at 125% of disengaging 
speed will be used. This will reduce the 
peak power of the air starter to 130 hp. 
for an effective 180 hp, The weight of 
the cartridge starter is 78 lbs.; the 
weight of the air starter is 28 lbs.; and 
the weight of the gas turbine which 
supplies compressed air to the air tur- 
bine is 175 Ibs. 


Figure 10 shows a comparison of the 
weight of the air starter and of the 
cartridge starter in single-engine and 
multi-engine aircraft. Tubing, connect- 
ing the nacelles of a multiengine air- 
craft, is not charged against the air 
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Figure 10 


starter inasmuch as that tubing will 
normally be utilized for carrying air 
used in cabin charging, deicing, and 
pneumatic-accessory drives. For the air- 
starter system, only one 175-lb. gas- 
turbine compressor is required regard- 
less of the number of engines. To ac- 
count for the installation equipment re- 
quired by the gas-turbine compressor, 
65 Ibs. were added to the air-starter 
system. The cartridge was estimated to 
weigh 10 lbs.; the housing for the 
cartridge weighs 25 lbs. The cartridge 
housing is empty but two cartridges are 
stowed in the aircraft. The single- 
engine installation of the cartridge start- 
er weighs 128 Ibs. A six-engine installa- 
tion of the air starter weighs 453 Ibs. 


Both from the viewpoint of weight 
and volume, the cartridge starter will be 
preferred over the completely self-con- 
tained air starter for single-engine and 
twin-engine aircraft. However, if the 
gas-turbine compressor unit is installed 
in a detachable blister or pod, the com- 
pressor unit then may be carried, mak- 
ing the aircraft self-sufficient while 
moving from one air field to another; 
or, on the other’ hand, the compressor 
unit and its blister could be detached 
for combat missions. Then only the 28- 
Ib. starter and the weight of some tub- 
ing could be charged to an air starter. 
The air-starter system may find use in 
some single- and twin-engine jet-pro- 
pelled aircraft. 


The cartridge starter may find ap- 
plication on multiengine aircraft in an 
installation such that one or two engines 
are started by the cartridge starter. The 
remaining engines would be equipped 
with air starters which would be ener- 
gized by air bled from the first engine 
started. 
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WELDING PROCEDURES FOR HIGH- 
PRESSURE, HIGH-TEMPERATURE 
‘STEAM PIPING 
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for alloys intended for high-temperature and high-pressure service, including 
preheat and postheat treatments for various alloy combinations, electrode selection 
and thermal shock fatigue tests. 


INTRODUCTION 


The evolution of the present high- 
pressure, high-temperature steam sys- 
tem was accelerated tremendously dur- 
ing the past two decades. In the early 
thirties, temperature and pressure were 
approximately 440°F. and 400 psi., re- 
spectively. By the late thirties, most 
of the capital ships of our Navy had 
been modernized and were operating 
under 650° F. and 900 psi. steam con- 
ditions. Today, steam-generating sys- 
tems operating at 1050° F. and 2000 
psi. are under construction. Thus, over 
the span of a relatively few years we 
have seen reciprocating engines re- 
placed by high-speed turbines and 
flanged connections replaced by welded 
joints. To satisfy the demand for 
steam generation at increased pres- 
sures and temperatures, new alloys had 
to be developed. For 650° F. steam 
service, carbon-molybdenum alloy steel 
was produced. The Springdale failure 
in 1941 resulted in the addition of 
chromium to carbon-molybdenum alloy 


steel for stabilization against graphi- 
tization at prolonged elevated tempera- 
ture service. The demand for greater 
strength in the present-day steam sys- 
tems is being met by still higher per- 
centages of the alloying elements such 
as chromium and molybdenum, and in 
some cases by the use of austenitic 
steel. 


The great strides taken in steam 
power systems could hardly have been 
possible without the scientific advances 
made in welding. Each new alloy in- 
troduced new problems which had to 
be solved before the fabricator could 
install the system. First, the electrode 
producers had to furnish electrodes 
that would yield weld metal with me- 
chanical properties comparable to those 
of the base metal under the intended 
service conditions. Secondly, welding 
procedures had to be developed that 
would not impair the original prop- 
erties of the base material. The mere 


fact that austenitic steel systems are 
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being considered for high-temperature, 
high-pressure steam service brings to 
mind at least one problem requiring 
immediate solution to permit effective 
use of the applicable materials. This 
problem is the welding of joints com- 
prised of materials having considerable 
difference in expansion coefficients, i.e., 
ferritic vs. austenitic joints. 


The Navy has pioneered in the ap- 
plication of carbon-molybdenum steel 
piping and turbines for the 650° F. 


installations, which started in the late 
thirties. It is now pioneering in the 
application of new materials for steam 
generation at pressures up to 2000 psi. 
and temperatures up to 1050° F. The 
role of the Welding and Electrical 
Laboratory of the Experiment Station 
is to perform investigations and tests 
to develop welding procedures for new 
materials. This paper presents the de- 
velopment of welding procedures in- 
tended for the above given high-pres- 
sure, high-temperature steam service. 


Pre- AND POSTHEAT TREATMENT DETERMINATION 


The base materials employed in this 
investigation were as follows: 


(a) “%% chromium 
%% molybdenum 
(6) 1% chromium 
Y%% molybdenum 
(c) 2%% chromium 
1% molybdenum 
(d) 4-6% chromium 
molybdenum 
(e) 18% chromium 
8% nickel (columbium) 


Each of the above materials was 
submitted to a synthetic weldability 
testt developed at the Experiment Sta- 


tion. In brief, this, test consists of 
determining the relative notch tough- 
ness of the steels prior and subsequent 
to the application of a_ synthetic 
thermocycle of welding. Notch tough- 
ness is defined as the radius about 
which a %- X 1%-in. bar, containing 
a specially designed notch at midlength, 
bends 180° without failure. The radius 
is given as a multiple of the specimen 
thickness. The synthetic thermocycle 
of welding is applied by heating a 
¥y-in. wide band, at midlength of the 
specimen, to 2150° F. from room tem- 
perature in 49 sec. by high-frequency 
induction. The metallurgical changes 


TasBLe 1—PREHEAT AND PosTHEAT AS DETERMINED BY EES 
Hicu-Frequency Notcu-Benp Test 


Material, % Preheat, ° F. Postheat, ° F. 

¥% Cr-% Mo 300-400 1275-1300 

1 Cr-% Mo 400-500 1275-1300 

2% Cr-1 Mo 400-600 1300-1325 

4-6 Cr-1 Mo 500-600 1300-1325, Cool 
to 900 and hold 

18 Cr-8 Ni None* None* 


* Test not applied to this material. Data included merely to complete tabulation. 


+A Method for Determining the Applicable Weld 


Procedure for Steels,” Ronay Bela, “The 


in; 
Welding Journal,” 25 (11), Research Suppl., 736-s to 749-5 (1946). 
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produced are comparable to those 
which occur in the heat-affected zones 
of multiple pass manual arc welds. In 
the event the notch toughness of the 
steel is impaired by the application of 
this synthetic thermocycle of welding, 
treatments at various degrees of pre- 


heat and/or postheat are applied until 
a combination is found that permits 
the base material to bend around the 
original radius. Thus, the applicable 
treatments for materials given in Table 
1 were determined without actual 
welding. 


STRESS RELIEF TEMPERATURE DETERMINATION 


The performance of the high-fre- 
quency notched-bend test yields infor- 
mation which determines whether the 
metallurgical conditions in welded 
structures are satisfactory, particularly 
in regards to notch toughness. How- 
ever, previous experience with the 
4-6% chromium-4%4% molybdenum type 
steel showed that the temperature ap- 
plicable to obtain stress relief may 
vary considerably from that required 
to restore notch toughness subsequent 
to welding. Therefore, the applicable 
stress relief treatment was determined 
for each of the ferritic alloys given in 
Table 1. The procedure employed, Fig. 
1, is somewhat qualitative but it has 
proved to be effective for the purposes 
intended. It employs a_ rectangular 
beam measuring approximately 0.3 x 
0.4 X 11 in. as the test specimen. This 
beam, Fig. 1 (a), is supported hori- 
zontally within a high-frequency in- 
duction coil and loaded at midlength to 
the maximum fiber stress of 3000 psi. 
Subsequently, the beam is heated by 
high-frequency induction, while under 
load, to a pre-determined temperature 
level which is selected arbitrarily. The 
holding time at this temperature is 
approximately 20 min. After cooling 
to room temperature, the amount of 
permanent set is measured employing a 
dial indicator of 1/10,000 in. sensi- 
tivity, Fig. 1(b). In the event no 
permanent set has occurred, the pro- 
cedure. is repeated at increasingly 
higher temperature levels until a per- 
manent set of approximately 0.015 in. 
is obtained. The temperature which 


(b) (a) 
Fig. 1 EES loaded beam test for st lief Pp 
determination 
(a) loaded beam in heating coil; (b) measurement of permanent ~ct 


TasBLeE 2—Srtress RELIEF TREATMENT 
AS DETERMINED By EES 
LoapED-BEAM TEST 


Stress Relief 


Material, % Treatment,* ° F. 


Cr-%4 Mo 1275 
1 Cr-%4 Mo 1275 
2% Cr-1 Mo 1300 
4-6 Cr-%4 Mo 1150 
18 Cr-8 Ni Nonet 


* Holding time to be 2 hr. per inch of metal 
thickness. 


t Stress-relief temperature determination test 
not applied to this material. Data included 
merely to complete tabulation. 
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produces this permanent set is then 
taken as the stress-relieving tempera- 
ture of the metal, since at this tem- 
perature all stresses over 3000 psi. 
were relieved by plastic deformation. 
The stress-relief treatments obtained 
by the above method are given in 
Table 2. Examination of the data con- 
tained in this table revealed a stress- 
relief temperature of 1150° F. for 
4-6% chromium-%% molybdenum, 
while the postheat treatment given for 
the same material in Table 1 is 1300- 


1325° F. followed by a holding period 
at 900° F. This indicates that even 
though the former treatment is ade- 
quate to relieve residual stresses, it is 
not adequate to restore the original 
notch toughness of the material. Since 
it is obvious that the latter treatment 
will serve both purposes without chang- 
ing the metallurgical structure of the 
material, it was selected as the proper 
postheat treatment for 4-6% chromium- 
%% molybdenum alloy steel. 


RESIDUAL STRESS DETERMINATION 


The findings of the induction-heated 
notched-bend test were substantiated 
by actual welding tests. In order to 
ascertain the validity of the stress- 
relief treatment, stress analysis was 
performed for a welded 10 in. IPS 
Schedule 16014% chromium-%% mo- 
lybdenum alloy steel tube joint to 
which the applicable stress-relief treat- 
ment of Table 2 had been applied. The 
method of stress analysis employed for 
this purpose consisted of dissecting the 
assembly into 3-in. lengths and then 
relaxing each section by making a cut 
through one wall thickness. The re- 
sultant deflection was measured on 
tram points inserted along generator 
lines, in a plane perpendicular to that 
in which the saw cut is made. Subse- 
quently, considering a quadrant of the 
tube as a curved beam fixed at one end 
and with a concentrated load at the 
other end, the stress is computed for a 
unit length of the tube section employ- 
ing the following formula: 


4Eld 

R?M 

where S is the stress in psi., E is the 
modulus of elasticity, J is the moment 
of inertia of a unit length of the tube 
section, d is the deflection obtained for 
the quadrant of the tubing under con- 
sideration (change in diameter of tub- 
ing divided by two), R is the original 
mean radius of the tubing and M is the 


S= 


section modulus of a unit length of 
the tube section. 

The results of the stress survey per- 
formed by the above described relaxa- 
tion method for a welded 10 in. IPS 
Y%% chromium-%% molybdenum alloy 
steel tube joint which was stress re- 
lieved at 1275° F. for 3 hr. are given 
on Fig. 2. Examination of these re- 
sults indicate a negligible circumferen- 
tial stress of 1750 psi. in the weld zone 
(center of stress-relieved zone). Ac- 
cordingly, the stress-relief treatment of 
1275-1300° F. is considered adequate 
to eliminate residual stresses. On the 
other hand, the unaffected portion of 
the tubing was found to have a cir- 
cumferential stress as high as 12,000 
psi. This condition indicates that the 
tubing as-received was not in the 
annealed, stress-free condition. 


an 


Fig. 2 Results of stress survey by relaxation method 


ii 
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ELECTRODE DEVELOPMENT 


Table 3—Results of Weld Metal Tests 


BASE METAL 


ELECTRODE TYPE OF 
CLASSIFICATION | CLASSIFICATION | GOATING r.$ Y.P. | ELONG. | REQ IN 


MECHANICAL PROPERTIES 


(psi) (psi) |) 2” |AREAS% 


V2%Cr. -1/2% Mo. |1/2% Cr -1/2% Mo. | CELLULOSE 


77,500 ) | 69,800 | 26.0 | 70.5 
96,000 «)| 89,800 | 24.0 | 67.6 
54,300(e | 37,000 | 24.0 | 64.9 
69, 00012) | 52,500] 16.5 | 587.8 


Gr -'/2% Mo - 72% Mo. 


85,000 (| 70,000 | 22.5 | 63.2 
99,500 | 85,500] 22.0] 63.8 
63,50012)| 48,100 | 26.0 | 66.8 
77,000 ‘2)} 65,500] 21.5 | 60.6 


Or -V2%MO. | 


86,7001 | 68,100 | 26.0 | 693 
91,000 «) | 78,000 | 23.0] 59.5 
56,500 is) | 41,900 | 27.5 | 65.1 
60,500 47,500 | 30.0 | 765 


2-1/4% Gr. - 1% Ma | - 1% MO. 


88,200 «| 71,800 | 24.5 70.8 
96,000 1) | 80,200] 20.0 | 6&3 
55,500 42,400] 24.8] 648 
| 51,500 | 18.0 | 36.0 


2°1/4% Ce - 1% MO. 


97,300 "| 76,600 | 22.0 | 48.0 
100,000 «1» | 81,700] 22.0 | 66.8 
$7,0001s) 40,500! 26.0 | 762 
59,200 1s) | 43,200] 21.0 | 74.6 


GREEP 


(1) TESTED AT ROOM TEMPERATURE. 
(2) 950° F 


(3) 1050°F 


Through the cooperation of electrode 
manufacturers, samples of various 
chromium-molybdenum alloy steel elec- 
trodes were made available for evalua- 
tion. Weld metal deposits from these 
electrodes were analyzed chemically 


STRESS RUPTURE 

ELECTRODE STRESS (p $i) TO CAUSE STRESS (p $i) FOR 1% MIN. 

CLASSIFICATION FRACTURE IN: CREEP IN: 
100 Hrs. | 500 Hrs. | 1000 Hrs. 10,000 Hrs. _| 100,000 Hrs. 
1-1/2% Or. -1/2%Mo.| 1050 | 30,000 | 24,000 | 22,000 | 1050 10,000 5,000" 
2-V4% Gr. -1%Mo.| 1050 | 35,000°| 24,000 | 20,000 | 1050 11,000 6,000 
2-144% Cr. - 1% Mo 
Gnovent ime 1050 | 23,000 | 19,000 | 17,800 | 1080 12,000 6,500 
"EXTRAPOLATED. 


for screening purposes. Then the elec- 
trodes were submitted to a usability 
test consisting of deposition in the 
vertical by means of an automatic 
welding head, thus eliminating the 
human element from the welding oper- 
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ations. The latter test furnishes in- 
formation relative to the current range 
of the electrode, the arc stability of the 
electrode within this range and the uni- 
formity of the burn-off rate throughout 
the length of the electrode. Materials 
which passed the above tests success- 
fully were put through the complete 
test procedure which yields informa- 
tion as follows: 


(a) Soundness of the weld metal as 
determined by radiography. 


(6) Static mechanical properties of 
the weld metal at room temperature 


and at the intended service tempera- 
ture. 

(c) Stress rupture and creep testing 
of the weld metal at the intended 
service temperature. 

(d) Dilatometry of the weld metal 
as compared to that of the base metal. 


A summary of data obtained for 
numerous chromium-molybdenum alloy 
steel electrodes tested as outlined 
above, is given in Table 3. Dilatometric 
curves for the various chromium- 
molybdenum weld metals intended for 
2%4% chromium-1% molybdenum base 
metal are given on Fig. 3-6, 


T 
i | i 
VEMPERATURE - 086 TEMPERATURE -OEG F 
Figure 3 Figure 4 
| 
7 
Figure 5 Figure 6 


FERRITIC-AUSTENITIC WELDMENTS 


The design of steam generation 
plants for operation at 1050° F. may 
present the problem of joining aus- 
tenitic to ferritic tubing. The problem 
lies in the fact that there is a con- 
siderable difference between the co- 
efficients of expansion of the austenitic 
and ferritic materials employed. There- 


fore, tests were performed to deter- 
mine residual stress values in com- 
posite joints between austenitic and 
ferritic tubing. The object of these 
tests was to select the optimum elec- 
trode for the purposes intended on the 
basis of minimum residual stress con- 
ditions in the weldment. For these 
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tests, 4-6% chromium-%% molybdenum 
and 18% chromium-8% nickel tubing 
were employed to form four composite 
joints which were welded with each of 
the following electrodes: 


(a) 25% chromium-20% nickel 
(b) 19% chromium-9% nickel 

(c) 25% chromium-12% nickel 
(d) 15% chromium-35% nickel 


Prior to welding, these assemblies 
were preheated 600° F. on the ferritic 
side and 400° F. on the austenitic side 
of the joint. These temperature levels 
represent the inverse ratio of the co- 
efficients of expansion of the com- 
ponents of the joint. Subsequent to 
welding, the assemblies were postheat 
treated as indicated in Table 1 for 
4-6% chromium-%% molybdenum al- 
loy steel. After cooling to room tem- 
perature, each of the tube joints was 
dissected as indicated in Fig. 7 to yield 
a bimetal ring from each fusion zone. 
Thus, four pairs of bimetal rings were 
obtained as follows: 


(al) 25% Cr-20% Ni weld metal 
vs. 4-6% Cr base metal 


(a2) 25% Cr-20% Ni weld metal 
vs. 18% Cr-8% Ni base 
metal 

(b1) 19% Cr-9% Ni + Cb weld 
metal vs. 4-6% Cr _ base 
metal 


4-6 Cr. To 18-8 ASSEMBLY 


| 
| 


~ 


SECTION-& 


‘Section 


Fig. 7 Disection of tube joint to obtain bimetal rings 


(62) 19% Cr-9% Ni + Cb weld 
metal vs. 18% Cr-8% Ni 
base metal 

(cl) 25% Cr-12% Ni weld metal 
vs. 4-6% Cr base metal 

(c2) 25% Cr-12% Ni weld metal 
vs. 18% Cr-8% Ni base 
metal 

(dl) 15% Cr-35% Ni + Cb weld 
metal vs. 4-6% Cr base 
metal 

(d2) 15% Cr-35% Ni + Cb weld 
metal vs. 18% Cr-8% Ni 
base metal 


All of the above bimetal rings were 
machined to the same outside and in- 


25-20 WELD METAL ro 


4-6 Gr. FUSION ZONE | , 


18-8 FUSION ZONE 


(TENSION) 


i 


STRAIN (MIGROINCHES) 
8 


LOCATION OF STRAIN GAGES 


| 


OEPTH OF CUT 


Fig. 8 Results of strain measurements during relaxation 
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eh 4-6 Gr. FUSION ZONE | ff 18-8 FUSION ZONE 
4-6 Gr. To 18-8 ASSEMBLY _,,, ly 
19-9 WELD METAL | | 7! ® 
T 
z 109 
\ 
200 
So 
IN 
| 
600 — 
DEPTH OF CUT 
Fig. 9 Results of strain during rel. 
4-6 Cr. To 18-8 ASSEMBLY 
25-12 WELD METAL __| | 4-6 Gr FUSION zone | 18-8 FUSION ZONE 
100 
| 
300 | 
LOCATION OF STRAIN GAGES DEPTH OF cuT 
Fig. 10° Results of strain during 
4-6 Cr. To 18-8 ASSEMBLY $00 — 
15-35 WELD METAL a 4-6 Gr. FUSION ZONE | /@ 18-8 FUSION ZONE 
§ | 
200 
300 
$00 
DEPTH OF CUT 


LOCATION OF STRAIN GAGES 


Fig. 11 Results of strain measurements during relaxation 
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side diameter and length. Then the 
rings were relaxed by making a longi- 
tudinal cut through one wall thickness 
in decrements of 0.025 in. Sr-4 strain 
gage readings were taken after each 
decrement and plotted against depth of 
cut. All of this work was performed 
in a constant temperature room. The 
results. of this stress survey are given 
in Figs. 8-11. From these results, it is 
obvious that the weldment containing 


25% chromium-20% nickel has the 
lowest order of residual stress. In 
view of the above, 25% chromium-20% 
nickel electrodes were selected for 
welding ferritic to austenitic tubing 
even though this type of weld metal 
has a definite tendency toward micro- 
fissuring. However, it was felt that 
this tendency could be minimized by 
careful control of the welding opera- 
tions. 


EvaALuaTION TESTS 


Table 4—Welding Procedures 
PREHEAT AND | CURRENT | DEPOSITION | POST HEAT 
WTERPASS TEMP | LEVEL | TECHNIQUE | TREATMENT 
WEAVE UP TO 
Me | EN 3 DIAMETERS) i275 - 1300". 
1% Ce-V2 7 VOLTAGE | ELECTRODE 
MAXIMUM 
-1% Mo VOLTAGE 
r 1300 - 1325°F. 
4-6 % Ce Mo. |4-6% Mo. ° $00- 600° F 
CURRENT | STRINGER 
ORNL 19% ARG VOLTAGE 


In order to determine the applica- 
bility of the findings of the tests de- 
scribed in this paper for materials of 
equal coefficient of expansion, numer- 
ous tube joints were welded and tested. 
The results of the tests performed for 
these tube joints indicated that the 
welding procedures given in Table 4 
for ferritic and austenitic materials, 
respectively, are suitable for the pur- 
poses intended. 


The preliminary tests of the investi- 
gation concerned with the evaluation 


of the findings of the tests described 
herein for composite joints, comprising 
materials of dissimilar coefficients of 
expansion, employed means to develop 
thermal gradients of 800° F. in 2% 
sec. between the bore and outer sur- 
face of the tubing. For this purpose, 
4 in. IPS Schedule 160 tubing was 
used. In this part of the investigation, 
no internal pressure was applied. Hav- 
ing learned the method for developing 
the above thermal shock, a jig was de- 
signed for its application to a weld- 
ment pressurized to 2000 psi. This jig 
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Fig.12 Th I shock app 


is shown schematically on Fig. 12. The 
test assembly is pre-stressed in tension 
to 12,000 psi. employing the hydraulic 
jack shown on top of the jig. Then the 
assembly is heated to 1050° F. in about 
20 min. employing high-frequency in- 
duction heating. After holding for a 
sufficient length of time to obtain tem- 
perature saturation, the joint, while 
under pressure, is shocked from within 


with one pint of water. This pint of 
water, injected by means of the shower 
head shown on Fig. 12, produces a 
thermal gradient of approximately 
800° F. between the outer periphery 
and the bore of the joint. A total of 
20 such thermal shocks is applied dur- 
ing an 8-hr day. Thereafter, the as- 
sembly is allowed to cool overnight 
developing the initial preset stress as 
room temperature is approached. 


The first assembly tested in this man- 
ner was a ferritic (2%4% chromium- 
1% molybdenum) vs. austenitic (18% 
chromium-8% nickel) tube weldment 
containing a 25% chromium-20% nickel 
weld. After 300 thermal shocks, the 
assembly was removed for surface in- 
spection and physical testing. The sur- 
face inspections performed for the as- 
sembly revealed nine fine cracks. Metal- 
lographic examinations performed for 
transverse weld specimens taken from 
the assembly revealed root cracks of 
the order shown on Fig. 13. This con- 
dition was evident in the results of 
bend tests. The above defects were not 
evident in a pilot assembly fabricated 


Fig. 13 Root condition subsequent to thermal shock in ferritic vs. austenitic tube joint welded with 25% Cr, 20% Ni 
electrodes. X 100 


(e) Backing ring 2'/:% Cr, 1% Mo; (6) ferritic 2'/6% Cr, 1% Mo; (c) weld metal 25% Cr, 20% Ni and (d) austenitic 18% Cr. 8% Ni 
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employing identical welding proce- 
dures. The latter assembly was tested 
without being exposed to thermal 
shocks. 


In view of the above mentioned de- 
fects, a second 24% chromium-1% 
molybdenum vs. 18% chromium-8% 
nickel tube weldment was subjected to 
the thermal shock test described 
above. This weldment was fabricated 
employing 19% chromium-9% nickel 
plus columbium electrodes. After 300 
thermal shocks, this assembly was 
found to be free of surface defects. 
However, a small transverse weld 
specimen removed by a weld prober 
was found to contain the root condi- 
tion shown on Fig. 14. This condition 
has the appearance of a _ shrinkage 
cavity and is apparently local in char- 
acter as the other side of the specimen 
was free of this condition. The dis- 
tance between the two faces of the 
specimen examined was approximately 
in. 

The volume removed by the weld 
prober from the above joint was re- 
placed by welding and the assembly 
re-installed in the thermal shock jig. 


Fig. 14 Root condition subsequent to 30 cycles of thermal 
shock in ferritic vs. austenitic tube joint welded with 19% 
Cr, 99% Ni (Ch) electrodes. X 100 


(e) Austenitic base 18% Cr-B% Ni; (b) weld metal 19% Cr-9%& Ni (Ch) 


This assembly was subjected to another 
300 cycles of thermal shock. At this 
time the root condition shown on 
Figure 15 was found. This condition 
was substantiated by the results of the 
root bend test. 


to 600 cycles of thermal shock in ferritic vs. austenitic tube joint welded with 


19% Cr, 9% Ni (Cb) electrodes 


4) Backing ring 2'/:% Cr, 1% Mo; (b)Yterritic 2'/«% Cr, 1% Moy (c) weld metal 19% Cr, 9% Ni (Cb) and (d) austenitic 18% Cr, 8% Ni 
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SUMMARY 


The above described program re- 
sulted in the development of welding 
procedures for the following alloy steel 
tubing wherein each alloy is welded 
te itself: 


(a) Cr-%% Mo 

(b) 1% Cr-%% Mo 

(c) 2%% Cr-1% Mo 

(d) 4-6% Cr-%% Mo 

(e) 18% Cr-8% Ni plus Cb 


Tests of composite joints between 
24% chromium-1% molybdenum and 
18% chromium-8% nickel steels where- 
in thermal shock is employed indicate 
that 19% chromium-9% nickel (Cb) 
weld metal is apparently more suitable 


for the purposes intended than 25% 
chromium-20% nickel. However, final 
conclusions concerning the suitability 
of these composite joints for use in 
high-pressure, high-temperature steam 
systems wherein the frequency and 
magnitude of thermal shock conditions 
are of prime importance, are being 
held in abeyance pending completion 
of considerably more research work in 
connection with this problem. 


The author is indebted to Bela , 


Ronay, Superintendent of the Welding 
and Electrical Laboratory at the U. S. 
Naval Engineering Experiment Sta- 
tion for his constructive review of 
this paper. 
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FUNNEL DESIGN AND SMOKE 
ABATEMENT 
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into two parts. The first part, by E. Ower of the British Shipbuilding Research 
Association, deals with the causes of smoke pollution and discusses several pos- 
sible methods of prevention. The second part, dealing with the experimental 
method by which the problem was studied, was written by C. H. Burce, of The 


National Physical Laboratory. 


Part I 


THE CAusEs OF SMOKE POLLUTION AND PossiIBLE METHODS OF PREVENTION 


INTRODUCTION 


There is little doubt that aesthetically 
the modern ship. with its short, raked, 
streamlined funnels, is much more satis- 
fying in appearance than the ships of 
some twenty or thirty years ago, in 
which high, spindly, cylindrical funnels 
were the general rule. There is equally 
little doubt that this change in funnel 
design is mainly responsible for the 
trouble that occurs so much more fre- 
quently today, namely the descent of 
fumes, smoke and soot on to the deck. 


The problem has received a good deal 
of attention during the last ten years or 
so, both for naval and merchant ships; 
and, in July of last year, the British 
Shipbuilding Research Association is- 
sued a survey of existing knowledge on 


the subject to its member firms. This 
survey was prepared by the author of 
Part I of this paper, who has been given 
permission by the Association to make 
use of it here. 


The cause of the trouble is essentially 
aerodynamic in nature and associated 
with the flow of air over the super- 
structure of the ship and around the 
funnel. Many cures have been sug- 
gested, some partly successful, others 
not; and it is true to say that no suc- 
cessful one has yet been devised which 
is free from all objections. It is, indeed, 
difficult to see how such a remedy can be 
found, short of a reversion to the high, 
cylindrical funnels of the past. 


704 


t 
| is 
h 
tl 
tl 
tl 
p 
Pp 
tk 
si 
| 
fu 
m 
ad 
of 
ga 
va: 
un 
a va 
| | 


FUNNEL DESIGN 


GENERAL STATEMENT OF THE PROBLEM 


In general, the funnel exhaust is 
partly gaseous and partly solid. The 
solid matter, consisting of particles of 
soot or ash large or dense enough to 
have an appreciable velocity of descent 
in air, provides a special problem about 
which very little can be done, except to 
prevent it from being formed or to re- 
move it from the exhaust before it is 
discharged into the air. Once these par- 
ticles are ejected, they must fall on to 
the deck, if their natural velocity of fall 
is high enough to cause them to drop 
the necessary distance before they are 
carried clear of the ship by whatever 
horizontal speed they can pick up from 
the relative wind. The special case of 
these larger particles is discussed later ; 
the main problem is that of the gaseous 
products of combustion, and of the small 
particles forming the smoke proper 
whose behavior can be considered for 
the present purpose as essentially the 
same as that of the gases. 


The path of the smoke trail from a 
funnel of given shape and size is deter- 
mined mainly by four variables, namely : 


(a) The speed of the relative wind. 

(b) The speed of emission of the 
smoke. 

(c) The density (weight per unit 
volume) of the smoke. 

(d) The form of the superstructure 
ahead of the funnel, and, to a 
smaller degree, the form of the 

bows and the superstructure 
aft. 


Strictly, another variable should be 
added to this list, that is the direction 
of the relative wind, but this can be re- 
garded as equivalent to a change in 
variable (d), and so can be discussed 
under that head. 


It should be repeated that these four 
variables relate only to a funnel of given 


shape and: size; any change in the form 
of the funnel introduces another im- 
portant variable which will be con- 
sidered later. Associated with it is again - 
the effect of a change in the direction 
of the relative wind, which, except for 
a vertical, cylindrical funnel with an 
unraked top (for which there is no such 
effect), can be regarded as equivalent 
to a change in shape of the funnel. - 


Restricting ourselves for the time be- ~ 
ing to a particular funnel, that is, neg- 
lecting the effect of changes in funnel 
shape, we can perhaps most easily form 
a conception of the behavior of the 
smoke trail by considering firstly the 
simplest case in which only variable (a) 
operates, and then showing how the 
other variables modify this behavior. 
We start, therefore, with a funnel rising 
from a flat deck, and assume no ob- 
structions for a considerable distance 
forward (i.e., negligible effect of bows 
and superstructure), small velocity of 
emission of the smoke, and density of 
smoke not appreciably different from 
that of the atmosphere. Even in a slight 
wind, the smoke trail would then be 
horizontal,* and, were it not for the 
low-pressure region behind the funnel, 
the lower edge of the trail would be 
level with the top of the funnel. But 
this low-pressure region causes the 
smoke to descend below the funnel top: 
in effect, as far as the smoke trail is 
concerned, the funnel top is somewhat 
below the actual top. This is shown by 
the lighter smoke trails.in Fig. 1, which 
is a photograph of the smoke from a 
group of tall, cylindrical power-station 
chimneys. There is evidence also of the 
effect of eddies shed by the chimneys, 
which cause occasional puffs of smoke 
to descend well below the main trail. 
Further reference to Fig. 1 will be 
made later under the heading of funnel 
shape. For the present, we need only 


* The relatively small spread due to natural diffusion is neglected. 
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FUNNEL DESIGN 


remember that the funnel behaves as 
though its true or “effective” height 
were less than its real height, and we 
can neglect the effect of the low-pres- 
sure region behind the funnel if we 
speak of effective top or effective height 
instead of real top or real height. 


We see then that, for the simple con- 
ditions postulated (i.e., no obstructions 
ahead and negligible velocity of emis- 
sion and differences of density), the 
lower edge of the horizontal trail from 
the effective funnel top represents a 
boundary below which the smoke does 
not fall appreciably; but any departure 
from these conditions will alter the path 
of the smoke trail. Thus, the path will 
obviously be raised by the upward mo- 
mentum of the funnel gases if there is 
any appreciable velocity of emission 
[variable (b)]; and, because of the 
relatively high temperature of the gases 
[variable (c)], their density is in prac- 
tice always below that of the air, and 
this again raises the trail. 


That the effect of temperature can be 
quite substantial is shown by the differ- 
ence between the dark and light smoke 
trails in Fig. 1. The light, dense trails 
come from chimneys emitting “washed” 
smoke from which most of the solid 
matter has been removed, and the efflux 
consists very largely of condensed 
steam, which is considerably cooler than 
the dark, unwashed smoke coming from 
the third chimney. It will be seen that 
the darker smoke trail is distinctly 
higher, despite the fairly high natural 
wind that was blowing at the time the 
photographs were taken. 


THE EFFECT OF 


When a wind strikes a bluff obstacle 
projecting from a flat surface, it is de- 
flected upwards by the top edge in the 
manner sketched in Fig. 2. Above a 
certain line A B C, the air continues 
to flow smoothly, almost as though A 
B C were the boundary of the bluff 


Thus we see that, of the four vari- 
ables, (a) by itself produces an ap- 
proximately horizontal trail, while (b) 
and (c) will always act in the sense of 
an improvement by causing the gases to 
rise, if even slightly, above this hori- 
zontal limit. Whenever trouble occurs 
from the descent of smoke and gases 
abaft the funnel, it is duet to variable 
(d), ie, the form of the bows and 
superstructure, particularly in its rela- 
tion to the position of the effective fun- 
nel top. How this occurs is explained 
in the next section. 


OBSTRUCTIONS 


Fic. 2 


+ Apart from the effect of funnel shape, for which see later. 
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FUNNEL DESIGN 


obstacle. Eventually, the line A B C 
returns to the level of A D, the top of 
the obstacle, and then falls below it if 
A D is shorter than A C; but this 
occurs at a distance from A which, in 
cases of practical interest, is several 
times the height of the obstacle. The 
space A B C D between the line and the 
top of the obstacle is filled with violent 
eddies; and the line A B C therefore 
represents a boundary, which we shall 
call the turbulence boundary, between 
regions of smooth and disturbed flow. 
The course of the line A B C can be 
changed considerably by alterations in 
shape of the obstacle, particularly by 
relief of the sharpness of the top edge 
by means of curves or chamfering ;! but, 
in general, whenever a bluff obstacle is 
exposed to a wind there is a region of 
eddying flow above it,, separated from 
the smooth flow by a fairly well-defined 
boundary. 


Any structure, such as a deckhouse 
or bridge, erected on the deck of a 
ship meeting a head wind, constitutes 
a bluff obstacle from which a turbulence 
boundary springs. The bows themselves 
form another obstacle: if the wind is 
dead ahead and the bows are flared, the 
disturbance introduced into the flow is 
more lateral than vertical, and com- 
paratively little eddying results over the 
deck forward of the superstructure; if, 
however, the wind;,is inclined, the bows 
act as a bluff obstacle and there may be 
large eddies over the deck. 


If smoke from the funnel enters the 
general flow well above the turbulence 
boundary it will not descend to deck 
level before the boundary reaches that 
level; but if it is introduced below the 
boundary it will come within the influ- 
ence of the eddies and may reach the 
deck anywhere aft of the funnel, or, 
indeed, even forward of it. The three 
photographs of Fig. 3, which have been 
provided by Mr. Burge, who describes 
the experimental technique in Part II, 
show the turbulent zone on a model 


ship. Fig. 3(a) shows the appearance 
of the smoke trail in a free stream; for 
this experiment the smoke was intro- 
duced well to the side of the model, and 
was clear of the disturbance it caused. 
For Fig. 3(b), the smoke was intro- 
duced in the central vertical plane just 
below the level of the turbulence boun- 
dary springing from the superstructure ; 


Fis. 3 


the smoke is drawn down by the eddies 
and fills the space behind the funnel 
almost completely. Fig. 3(c) shows 
similar conditions with the funnel re- 
moved. It should be noted that the 
separate eddies apparent in the in- 
stantaneous-exposure photographs of the 
power-station chimneys (Fig. 1) are 
not seen in Fig. 3 because the latter 
photographs were given time exposures, 
as described by Mr. Burge. 


It follows from the foregoing that 
the smoke must be discharged well into 
the smooth flow above the turbulent 
zone if we wish to be certain that the 
smoke will not descend to deck level 
before the turbulence boundary, which 
generally occurs well beyond the stern 
of the ship. To reach this favorable 
point of discharge we can either make 
the funnel sufficiently tall, which, in 
modern ships, may entail a considerable 
increase in height, or we can give the 
smoke from a low funnel enough up- 
ward momentum to carry it above the 
turbulent zone. 
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FUNNEL DESIGN 


THE EFFLUX VELOCITY OF THE FUNNEL GASES 


The upward momentum of the funnel 
gases can be increased for a given up- 
take diameter by increasing either their 


temperature or their velocity, but the 


first alternative is so much more waste- 
ful in power than the second that it 
need not be considered. The amount by 
which the momentum of the funnel 
gases must be increased to effect an im- 
provement in any particular case will 
obviously depend on the _ horizontal 
speed (v) of the relative wind. If, 
therefore, we increase the momentum 
by increasing the vertical efflux velocity 


SHAPE OF 


(a) Wind Ahead. The minimum 
amount by which the real funnel top 
must protrude above the _ turbulent 
boundary to ensure freedom from the 
smoke nuisance depends to a consider- 
able extent on the shape of the funnel. 
It has already been stated that there is 
a low-pressure region behind the funnel, 
which causes the smoke to be drawn 
down below the top (see Fig. 1). The 
height depends largely on the shape: of 
the funnel, as can be seen from the 
photographs of Fig. 4. The object in the 
upper photograph is a model cylindrical 
funnel emitting smoke in a wind tun- 
nel, and it will be seen that the smoke 
is sucked down immediately behind the 
funnel to a distance of more than half 
the height. The difference between this 
photograph and those of Fig. 1 is partly 
due to the fact that the long duration of 
the exposure for the model funnel gives 
an exaggerated impression of — the 
amount of smoke behind it at any given 
instant. The essential feature about this 
photograph, however, is the difference 
between it and the lower one, which 
was produced by placing a streamlined 
sheet-metal casing around the cylinder ; 
the breadth of the cross-section of the 
fairing was just enough to enclose the 
funnel, and its length along the wind 


(s) of the smoke, the significant quan- 
tity is the ratio s/v. 


Numerous experiments have been 
made in this country mainly at the Na- 
tional Physical Laboratory, and by 
Nolan? in America, on the effect of 
varying this ratio. These experiments 
show that when the ratio is equal to 
about 1, the axis of the smoke plume 
from a cylindrical chimney discharging 
into: free air is roughly horizontal, and 
that the plume is raised appreciably 
when the value of the ratio is about 2. 


FUNNEL 


. FiG. 4.—THE EFFECT OF A STREAMLINED FAIRING PLACED AROUND 


. THE FUNNEL 
Velocity ratio s/v = 1/1. 


direction was about four times the 
breadth. 


The great improvement due to the 


- streamlining with wind ahead is ap- 


parent from these photographs: the in- 
tensity of the suction behind the funnel 
is much reduced and the smoke trail is 
correspondingly less depressed. 


Another factor that influences to 
some extent the path of the smoke trail 
is the shape of the top of the funnel. 
We know, for example, that a raked 
top is bad. This is shown diagrammatic- 
ally in Fig. 5, which gives the approxi- 
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FUNNEL DESIGN 


mate paths of the smoke plume from a 
typical streamlined funnel under various 
conditions. In Fig. 5A the wind is dead 
ahead, and the effect of the rake is to 
cause an eddy as shown above the fun- 
nel and a break-away of the flow from 
the forward edge. The lines (a), (0), 
(c) and (d) represent approximately 
the paths that would be followed by 
streamers attached at the points from 
which the lines spring. In passing, we 
may note that experiments have shown 
that spaces between deckhouses lower 
the flow boundary, as indicated by line 


(c). 


(b) Yawed Winds. With the con- 
ventional funnel with raked top, the 
effect of an angle of yaw limited to 10 
deg. is shown in Fig. 5B, as compared 
with Fig. 5A. The main volume of the 
smoke is confined within the region 
marked “Apparent Main Plume,” but a 
perceptible amount of the efflux breaks 
away and diffuses over the forward 
edge of the funnel—quite irrespective of 
the position of the uptake within the 
funnel casing—and ultimately follows 
the course between the main plume and 
the dotted boundary. 


If the rake is removed, so that the 
funnel has a flat top, conditions are 
greatly improved, as shown in Fig. 5C. 
The flow lines are here drawn for the 
design of funnel in which the uptakes 
do not occupy the whole of the funnel 
space. Again the diffused smoke bound- 
aries are shown dotted. 


The addition of a flat plate in the 
form of a collar around the funnel top 
ensures that the point of break-away 
remains at the top of the funnel, and 
very little smoke diffuses over the edge 
of the funnel, as shown in Fig. 5D, pro- 
vided that the yaw does not exceed 
about 10 deg. 


When the angle of yaw is greater 
than about 10 deg., its effect can be- 
come very large. Experiments show that 
the worst conditions occur.. when. the 


Eddy due to raking (a) 
Top of Funnct (Dotted) 


Apparent Main Plume 
Discoloration on 
Funnel. 


Boundary of 
Smoke 


Apparent Main Plume. 


// 


Apparent Main Plume 


angle of yaw is between 20 deg. and 30 
deg. At these angles, the suction in the 
lee of the average streamlined casing is 
very high—probably at least as great as 
that behind a cylindrical casing—and it 
acts over an extended area. In these 
conditions, although the main plume ap- 
pears to take a path clear of the ship, 
a considerable volume of loose smoke 
spills over below the main plume and 
descends vertically into the low-pressure 
region in the lee of the funnel, reducing 
the effective height of the latter very 
considerably. This loose smoke after- 
wards disperses down the lee side of 
the ship and pollutes those parts of the 
deck and superstructure that lie in its 
path. 


It follows from the foregoing that in 
winds inclined by more than about 10 
deg. a streamlined funnel is in fact no 
longer streamlined. Hence ships will 
very often be operating in wind condi- 
tions in which the great improvement 
achieved by streamlining in head winds 
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FUNNEL DESIGN 


is not maintained. Consequently the 
aerodynamic argument in favor of 
streamlined casings loses much of its 
force:* it is probable that on many, if 


METHODS OF 


As we have seen, the primary object 
in any design should be to eject the 
smoke well above the turbulence bound- 
ary. If this can be achieved, there is 
unlikely to be any trouble from smoke 
on deck whatever the strength or the 
direction of the wind. The most effec- 
tive methods of preventing the smoke 
nuisance are therefore those based on 
this consideration. 


(a) Height and Shape of Funnel. 
The simplest method of ejecting smoke 
above the turbulence boundary is ob- 
viously to make the funnel high enough. 
The minimum height necessary will be 
the height of the turbulence boundary, 
plus the distance by which the suction 
due to the flow of air past the funnel 
draws the smoke down below the top. 
In all except head winds and winds 
within a few degrees of the ahead (or 
astern) direction, this distance will be 
least for a cylindrical funnel of the 
minimum diameter necessary to deal 
adequately with the boiler gases. We 
are therefore led to the conclusion that 
a return to the tall, narrow, cylindrical 
funnel offers the cheapest and the most 
effective cure. If, nevertheless, stream- 
lined funnels are retained for reasons of 
appearance, the length/breadth ratio of 
their cross-sections should be as low as 
possible, their tops should be horizontal 
rather than raked, and if an annular 
collar around the top can be tolerated 
some improvement is to be expected 
from it. 


Improvement may also often be ob- 
tained by lengthening a funnel by less 
than the full amount shown by tests to 
be desirable for the worst conditions. 


not most, occasions a cylindrical casing 
of the least diameter necessary to deal 
adequately with the flue gases would be 
better. 


PREVENTION 


Thus in a number of warships tested 
for the Admiralty, increases in funnel 
height by about 1 to 14%4 mean diameters 
were found to be sufficient. It is not 
possible, however, to give any general 
indication of the minimum increase in 
height that will suffice: if the designer 
wishes to be certain that any particular 
ship will be free from smoke trouble, 
his safest course will always be to have 
a model tested. 


(b) Efflux Velocity of the Funnel 
Gases. Apart from increasing the fun- 
nel height, the method that offers the 
most promise—although at the expense 
of some extra power—is to increase the 
efflux velocity of the funnel gases, either 
by reducing the exit area of the uptake 
or by blowing additional air out of the 
funnel. As already stated, the effect of 
increasing the efflux velocity usually 
becomes noticeable when the value of 
the ratio s/v is between 1 and 2. This 
enables us to form some estimate of 
the order of funnel uptake velocity that 
will be required in practice. For ex- 
ample, if we consider a ship steaming 
at 20 knots into a head wind of 20 
knots, the efflux velocity required for 
s/v = 1 is about 4000 ft. per minute, 
and for s/v = 2 about 8000 ft. per 
minute. If the volume .of the funnel 
gases is 30,000 cu. ft.. per minute, and 
their temperature about 350° F., the 
values of the horsepower lost in the 
efflux corresponding to these velocities 
are 3 and 12, and the values of the 
extra fan head required are 0.6 and 2.6 
of water. 


These figures for the power lost in 
the exhaust and the increased duty re- 


* It is assumed that a swivelling streamlined casing is impracticable. 
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quired of the fans are quite small per- 
centages of the total demands of the 
ship, which have in any case to be pro- 
vided; and in view of the valuable im- 
provements the effect in the smoke 
problem it appears well worth provid- 
ing for them in the design stage. 


An example recently occurred in 
which effective use was made of both 
increased height and increased gas ve- 
locity, with a very considerable im- 
provement in conditions at small cost. 
Fig. 6 shows the smoke trail observed on 
the model ship in the wind tunnel at wind 
ahead. It will be seen that the trail 
sweeps a considerable portion of the 
deck, which was confirmed by full-scale 
observation on the ship itself. As a re- 
sult of the wind-tunnel experiments, the 
diameter of the uptake was halved by 
fitting a reducing cone with a total 
angle of rather less than 20 deg. The 
cone projected about 9 ft. above the 
funnel top, and the velocity of the fun- 
nel gases at efflux was about 6000 ft. 
per minute at full power (8000 H.P.). 
The corresponding speed of the ship 
was 17% knots, so that in a 20-knot 
head wind the value of s/v was 1.6. 
With this modification, it was reported 
that no smoke trouble was experienced. 
Figs. 7 and 8 show photographs taken 
on the ship at sea; for Fig. 7 smoke was 
specially made, and when Fig. 8 was 
taken tubes were being blown. The im- 
provement compared with Fig. 6 is very 
marked; and it was achieved at a cost 
of just over 6 H.P. extra in the dis- 
charged gases and an extra 1% in. of 
fan head. 


The use of a projecting cone, as in 
this case, does not only increase the 
funnel height and the efflux velocity ; it 
has the additional advantage that, since 
it is considerably smaller than the fun- 
nel casing, the suction behind it is less 
and more localized. Hence the effective 
height of the funnel is increased by more 
than the added height of the cone. 
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So far, it has been assumed that the 
momentum in the funnel gases is in- 
creased by increasing their velocity 
only, not by providing additional air 
and so increasing their mass as well. 
This means that when the ship is oper- 
ating at reduced power the velocity of 
the gases will be reduced, since less fuel 
is being consumed and less air is re- 
quired for combustion. In the ship just 
mentioned, the values of s/v in a 20- 
knot wind at 16% knots (full speed), 
15 knots and 13% knots are respectively 
about 1.6, 1.4 and 1.0. The relative wind 
over this range only falls from 36% to 
33% knots. From this it is clear that if 
only the combustion air is used, al- 
though it may be speeded up sufficiently 
at full power by reducing the uptake 
diameter, conditions will not be so good 
at lower powers. A variable outlet area 
would overcome this difficulty, but prob- 
ably only at the expense of other diffi- 
culties of a different kind. A better 
course appears to be to supply extra 
air. It is important to notice that this 
extra air need not pass through the 
boilers, and also that, provided the fans 
are able to produce a high enough value 
of s at full power, no extra fans or 
higher duty for existing fans will be 
required to maintain the requisite value 
of s/v at lower powers. Briefly, all that 
is needed .is to run the fans at full 
capacity whenever the natural wind con- 
ditions demand it; only the air needed 
for combustion need be passed through 
the boiler, the air trunking being ar- 
‘ ranged to bypass the remaining air 
direct to the uptake. This possibility 
was first mentioned by Mr. Burge, who 
discusses it in greater detail in Part II 
of this paper. 


An alternative way of using extra air 
is to inject it in the form of a high- 
velocity sheath or annulus surrounding 
the natural funnel gases. Nolan dis- 
cussed this possibility in his paper and 
said that it was “very effective. ... 


Fic. 9.—THE EFFECT OF AN ANNULAR AIR JET AROUND A FUNNEL 
UPTAKE IN THE CENTRE OF THE FUNNEL CASING 
Velocity ratio = 1/2. 
Top—Normal funnel. 
Centre—Normal height reduced 9 ft. Jet velocity =. 2-5 ¥. 
Bottom—Normal height reduced 9 ft. Jet velocity - 4-0'v. 


The annulus acts as an ejector and also 
an isolating belt which helps to prevent 
the stack gases from being drawn into 
the (low-pressure) zone immediately 
behind the stack.” The effectiveness of 
this high-velocity sheath is shown by 
the photographs of Fig. 9, which were 
taken at the National Physical Labora- 
tory. A marked improvement in the 
path of the smoke trail is produced even 
with a funnel of reduced height and 
with the low s/v ratio of %. 


So far all the experimental data on 
this device have been obtained on the 
model scale, and their practical impli- 
cations are discussed by Mr. Burge in 
Part II. The correlation between model 
and full scale has yet to be established. 


(c) New Shape of Funnel. In May 
1948, an interesting new development 
was described in a paper read by 
Valensi and Guillonde* to the Associa- 
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tion Technique Maritime et Aéronau- 
tique. This takes the form of a funnel 
whose cross-section is shaped like that 
of a symmetrical aerofoil with maxi- 
mum thickness 20 per cent of the chord. 
In side elevation, the funnel resembles 
a short half-wing of an aeroplane, with 
a rounded tip forming the funnel top 
(see Fig. 10). The smoke emerges in 
the locality from which the trailing 
wing-tip vortex springs, and is carried 
downstream by this vortex, one of the 
chief characteristics of which is that it 
preserves its individuality for a con- 
siderable distance downstream. The 
authors of the paper state that they de- 
veloped this device in wind-tunnel ex- 
periments and confirmed its effective- 
ness in full-scale tests at sea. In the 
particular case that they examined they 
found that, provided the funnel was of 
sufficient height just to penetrate the 
turbulence boundary, the smoke was 
carried well clear of the deck at all 
inclinations of the relative wind from 
dead ahead to 30 deg. on the bow. A 
typical condition is shown in Fig. 10, 
which shows their model in the wind 


tunnel in a 10 deg. wind. Fig. 11 shows 
the same model with a conventional 
funnel; the great improvement is evi- 
dent. The paper itself includes other 
photographs taken in the wind tunnel 
at zero yaw. Again the improvement is 
pronounced, and it is confirmed by a 
photograph of the full-scale vessel taken 
at sea. 


From the information given in the 
paper, this device, which is the subject 
of French Patent No. 537822 of 12th 
July, 1947, seems to be one of con- 
siderable promise. Further verification 
of its effectiveness appears desirable, 
particularly since, so far, it appears 
from the paper to have been tried only 
in one particular ship. Its behavior in 
following winds also needs examination. 


(d) Deflector Plates. Experiments 
made for the Admiralty have shown 
that inverted aerofoils placed ahead of 
the funnel top and at suitable angles of 
incidence (see Fig. 13) can produce a 
powerful up-draught at the top of the 
funnel, which will carry the smoke well 
above the turbulence boundary. Similar 
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effects can be obtained with flat plates; 
but in either case the deflectors will 
probably have to be at a height at least 
equal to that of the turbulence bound- 
ary, and are unlikely to be effective if 
the funnel top is much below it. Fur- 
ther, the deflectors must be fairly large 
—of span about equal to the funnel 
width and chord about one-third or one- 
quarter of this width—and strongly 
mounted, since the wind forces on them 
may be substantial. This need for size 
and strength may be a disadvantage. 
There is, however, no doubt that the 
device is effective. Fig. 12 is a photo- 
graph of the smoke from the funnel of 


. 


DESIGN 


a destroyer, showing the after arma- 
ment enveloped in smoke. Figs. 13 and 
14 show how the smoke is lifted by a 
pair of aerofoils at 45 deg. incidence, 
and how the trail keeps. well clear of 
the deck. All the photographs relate to 
a ship speed of 20 knots and a relative 
wind of 42 knots. Fig. 15 is a sketch of 
the dimensions and the relative positions 
of the funnel top of the same vessel, and 
of a pair of flat-plate deflectors designed 
on the basis of the results with aero- 
foils depicted in Figs. 13 and 14. 


The deflector plates must be upstream 
of the funnel; hence an additional pair 
will be necessary for following winds, 
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unless the pair used for head winds is 
mounted on a movable support. Ad- 
justments of the deflectors, or additional 
deflectors, will also be required for 
winds yawed by more than 5 ceg. or so. 


(e) Cowls and Hoods. A cowl or a 
hood on the top of a funnel sometimes 
effects an improvement. One of the 
main uses of such devices is to improve 
local conditions; a typical example is 
that of a bridge situated fairly near the 
funnel top, where trouble may be ex- 
perienced from smoke in a following 
wind. Two classes of naval vessels in 
which this occurred were reported to be 
improved by funnel cowls, but in each 
case the funnel height was also in- 
creased. In any event, fitting a cowl 
to the top of an existing funnel in itself 
obviously increases the effective height, 
so that some of the improvement must 
be due to this cause as well. Some may 
also be due to the fact that a cowl 
generally rounds off the top of the cas- 
ing and eliminates the sharp forward 
edge. 


Devices of this kind do not lift the 
smoke as do some of the more effective 
expedients already mentioned; they 
merely direct it away from the region 
which is to be kept clear. It is probable 
that their usefulness is restricted to 
special cases such as that mentioned 
above. In winds off the bow they are 


Fis. 15 


better than conventional funnels in that 
the smoke is emitted in a region further 
away from the leeward suction and so 
is less likely to be drawn down. On the 
other hand, backward-facing cowls re- 
move all or most of the vertical velocity 
from the smoke before emission, and 
are subject to obvious disadvantages in 
following winds. 


To reduce extra loads on the fans, 
cowls should be so designed that any 
change in the direction of flow of the 
gases from vertical to horizontal occurs 
as gradually as possible. 


(f) Miscellaneous Devices. During the 
past few years a number of aerody- 
namic devices have been introduced by 
different designers. In general, we can 
say of such devices that, if they are to 
be effective, they must either divert the 
main flow, or else expel the smoke from 
the funnel at a velocity high enough to 
ensure penetration to a height above 
that part of the flow which descends to 
deck level. In either case they must use 
the energy of the wind, and therefore 
they are unlikely to be effective if they 
offer appreciable resistance to the free 
flow. For this reason, little success has 
attended devices based upon the hope 
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that the air flowing past the funnel will 
enter slots or ducts in the front of the 
casing, and not only change its direc- 
tion but also increase its velocity in the 
process. Unless the slots have a very 
large inlet area, and unless the flow 
paths inside the casing are made to 
have low resistance, most of the free 
air meeting the funnel will take the 
path of lower resistance around the out- 
side, and no significant amount will 
enter through the slots. Neither will 
slots cut in the rear of the casing im- 
prove the general path of the lower 
fringes of the flow boundary because, as 
shown in Fig. 5B, the break-away at 


the top of the funnel occurs well for- 
ward. . 


Some of the modifications that have 
been introduced from time to time raise 
the point of emission above that from 
the original funnel. They are therefore 
equivalent to an increase in the height 
of the funnel; and if they produce any 
improvement at all, it is probably due 
mostly, if not entirely, to this increase 
in height and not to the modifications 
themselves. Moreover, even if there is 
some improvements at wind ahead, it 
does not follow that there will be any 
in a yawed wind, in which conditions 
are more stringent. 


SOOT AND ASH 


As already remarked, if compara- 
tively large particles of soot and ash 
are emitted from the funnel, they will 
inevitably fall on to the deck if the speed 
of the relative wind is not great enough 
to carry them clear of the ship before 
their natural velocity of fall brings them 
down to deck level. This trouble is 
therefore most prevalent in harbor, in 
light winds and at slow operating 
speeds, or in following winds. The only 
possible remedies are to prevent the 
formation of these large particles as far 
as possible by constant attention to the 
combustion control, or to remove them 
before the smoke leaves the uptake by 
means of devices such as vortex soot 
extractors. It is a matter for the ship- 
owner to decide between the nuisance 
of soot and ash contamination on the 
one hand and the initial cost and main- 
tenance expense of soot extractors and 
combustion control on the other. It is, 
however, worth bearing in mind that 
speeding up the funnel gases, as advo- 
cated earlier in this paper for keeping 
the decks clear of gases and fine smoke, 


will help towards reducing trouble due 
to the coarser particles, because the par- 
ticles will have further to fall and hence 
a better chance of being swept clear of 
the ship by whatever wind there is. 


The coarse particles are also liable to 
be troublesome when boiler tubes are 
blown, but judicious adjustment of 
speed and course during the process, in 
relation to the strength and direction of 
the wind, can improve conditions con- 
siderably. The object should be either 
to get a high value of s/v, a sufficiently 
high value of v to carry the particles 
away, and a wind inclination of not 
more than 10 deg. ahead or astern; or 
a high value of s/v, a sufficiently high 
value of v, and a wind: inclination of 
between 45 deg. and 90 deg., so that as 
much as possible of the soot is taken 
over the side. If the first alternative -is 
adopted, the ship’s speed will generally 
have to be reduced in a head wind to 
increase s/v, and may sometimes with 
advantage be increased in a following 
wind to get a sufficiently high v. 
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Part II 


EXPERIMENTAL TECHNIQUE 


The direct purpose of wind-tunnel ex- 
periments on model ships is to facilitate 
the study of the flow pattern of funnel 
gases, firstly in relation to the esti- 
mated conditions of normal operation 
pertinent to the ship, and secondly to 
devise means of diverting the flow 
boundaries which descend to deck level 
within the dimensions of the ship. Vari- 
ous methods have been employed in at- 
tempting to raise the lower boundaries 
of the smoke plume clear of the decks 
and superstructure. Most of these have 
proved abortive, because they are only 
effective over a limited range of wind 
variation and, without the aid of power, 
they are unable to assist the dispersal of 
funnel gases. There is no empirical law 
which will enable the shipbuilder to ar- 
rive at the efficacy of a funnel auxiliary 
and he must of necessity have recourse 
to the method of trial and error. It fol- 
lows therefore that, provided the results 
of model experiments may be relied 
upon, the wind tunnel is a more eco- 
nomical method of studying smoke con- 
ditions than direct full-scale investiga- 
tion. 


In the field of marine engineering, the 
wind tunnel is an unusual piece of re- 
search equipment, and the shipbuilder 
might, at first glance, have some mis- 
givings in accepting the photographic 
records of the flow patterns given by 
the model, since they have the general 
appearance of being much better defined 
than those experienced full-scale. This 
apparent difference between the two sets 


-of conditions is explained by the fact 


that the wind speed over the model is 
maintained at a constant value and the 
resultant smoke plume maintains a de- 
finite pattern according to the ratio of 


the speed of the funnel gases to that of 
the wind over the ship.-On the other 
hand, the wind over the ship at sea is 
inconstant in velocity, so that the ratio 
to the speed of the funnel gases is also 
constantly changing and the pattern of 
the smoke plume changes accordingly. 


The full-scale plume recorded by the 
eye is similar, in effect, to a series of 
instantaneous exposures;/but in model 
experiment it would not be practical to 
define the plume boundaries by a se- 
quence of instantaneous exposures, and 
therefore a time exposure is employed, 
usually of about 30 sec. duration. This 
record may be considered an integra- 
tion of the sequence of instantaneous 
exposures over that period, and those 
wisps of smoke which occasionally. 
break away from the apparent main 
plume actually define the boundaries of 
the diffused smoke. This diffused smoke 
is not as heavily laden with soot par- 
ticles as the main body of the effluent, 
but over a period of tinie it will deposit 
a coating of soot on all structures within 
its path. The experimenter therefore 
assesses his success by the extent to 
which he has diverted this smoke from 
the decks and supertructure of the 
model. 


In the course of the model experi- 
ments the comparison of several modi- 
fications may be required, and it is con- 
venient to use the same velocity ratio 
at all angles of wind between 0 deg. and 
30 deg., this being the usual range of 
the investigation. In the assessment of 
the final results, however, allowance 
must be made for the reduction in the 
speed of the relative wind as the ship 
turns across the natural wind. 
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EXPERIMENTAL APPARATUS 


12-0. 


DIA 4 BLADED 


Fic. 16.—VERTICAL SECTION OF N.P.L. OPEN JET TYPE WIND TUNNEL 


The Wind Tunnel. A _ longitudinal 
section of the wind tunnel used at the 
N.P.L. for experiments on model ships 
is given in Fig. 16. 


The wind tunnel is an apparatus for 
generating a steady, uniform current of 
air, in which details of the flow past 
stationary models may be investigated, 
or, when necessary, the forces and pres- 
sures due to the flow can be measured. 
Fundamentally, the principles of wind- 
tunnel research as applied to investiga- 
tions of the air flow over ships are sim- 
ple, the flow being examined generally 
by means of smoke introduced at suit- 
able places. Considerable care, however, 
must be taken if the results of the model 


experiments are to represent what actu- 
ally happens on the full-scale ship. 
Without these precautions incorrect in- 
ferences can easily be drawn from the 
model results. The cross-section of the 
air-stream at the working section must 
be large enough to enable a model of 
reasonable size to be accommodated 
without serious disturbance of the flow, 
the velocity distribution across the work- 
ing section must be uniform, the air- 
stream must be steady, and all large 
eddies and disturbances must be re- 
moved before the air reaches the work-. ° 
ing section. In order to achieve these 
and other necessary conditions .much 
care has to be taken in the design of 
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Fic. 17.—DIAGRAMMATIC SKETCH OF “SMOKE”? SUPPLY TO MODEL 
FUNNEL 


the wind tunnel; and any attempt to get 
results with crude, simple apparatus is 
strongly to be deprecated. 


The Model. The dimensional limita- 
tions of the wind tunnels restrict the 
overall length of the model to 8 ft., and 
the scale of the model, therefore, must be 
selected to suit that dimension. The 
method of construction is not important, 
nor is it necessary to reproduce the 
components and fittings in minute de- 
tail, but all obstructions and excres- 
cences likely to have an influence on 
the flow of air over the model must be 
included. In general it is sufficient to 
represent them in block form to their 
overall dimensions. 


The model is positioned in the wind 
tunnel on an 8-ft. diameter turntable 
rebated into a platform supported in the 
central horizontal plane of the working 
portion. Below the turntable the deliv- 
ery pipes to the model funnels are each 
taken to separate fans and all to a com- 
mon smoke supply. A diagrammatic 
sketch of the arrangement is given in 
Fig. 17. The flanged couplings connect- 
ing the sections of the delivery system 
immediately beneath the model are de- 
signed with sleeves to fit pipes of differ- 
ent diameters between 34-in. dia. and 
14%-in. dia. Each flange is recessed to 
accommodate interchangeable orifice 
plates of different diameters, and, to 
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ensure an airtight joint at the orifice 
and an unbroken surface in the wall of 
the pipes after assembly, the whole unit 
is precision machined. 


The confined space beneath the plat- 
form renders it impracticable to pro- 
vide a separate hot air supply to the 
delivery fans, and therefore it is fre- 
quently difficult to prevent the injected 
smoke from condensing on the surfaces 
of the orifice plates, with the consequent 
blocking of the pressure tubes. To re- 
duce the susceptibility to blockage, the 
tubes are displaced one pipe diameter 
from the plane of the orifice, and the 
delivery pipes on both sides of the 
orifice are heated electrically and lagged 
externally against cooling. Care must 
be taken in controlling the applied heat, 
because perception of the flow bound- 
aries at the point of emission is lost if 
the effluent is overheated. This is par- 
ticularly so when steam is used as the 
agent for visualization. The pressure 
difference at the orifice is measured on 
a-manometer from which the velocity of 
efflux may be determined in terms of 
the quantity flowing through the orifice 
as given by the usual relationship: 


where 


A, areaof the orifice 
A, areaofthe pipe 


p = density of the fluid, 
— = pressure difference 
at the orifice 


The coefficient of discharge C is de- 
pendent upon (a) the velocity distribu- 
tion across the pipe, (b) the ratio of the 
diameter of the orifice to that of the 
pipe, and (c) the disposition of the 
pressure points upstream and down- 
stream of the orifice.* 


When an effluent containing moist 
gases is discharged, it is an advantage 
to displace the pressure tubes from the 


plane of the orifice to avoid blockage of 
the tubes by condensation. As condi- 
tions differ from standard it becomes 
necessary to obtain the value of C by 
calibrating the orifice meter against a 
standard flowmeter or, if the model 
funnel is large enough, to explore it by 
pitot-static traverse. In either method 
it is convenient to record the results in 
terms of the efflux velocity and the 
pressure difference p, — py. 


A change of flow occurs at low speeds 
and it is preferable to record. the low- 
speed calibration separately from the 
higher values. In general, a discharge 
of 6 cu. ft./min. to 25 cu. ft./min. from 
a 2-in. diameter delivery pipe is ade- 
quate for most experiments on model 
funnels. 


Although we refer to the descent -of 
funnel gases in terms of the ratio of the 
velocities of efflux and relative wind, 
the actual problem is linked with the 
momentum of those quantities. It is 
fortunate, therefore, that the pressure 
difference at the orifice actually gives 
momentum quantities and thereby obvi- 
ates the necessity of determining the 
density of the fluid passing through the 
delivery pipe. 


From the relationship given in (1) it 
is apparent that, since 4, is constant in 
any one test, the quantity Q is propor- 


tional to p(P,; — Po) 
or Q? p (Pi: — Pe); 


2 
py x— 
p 


“«QOVA 
«momentum X A 


To produce a visible discharge from 
the model funnel either steam or atom- 
ized paraffin is injected into the deliv- 
ery system at a point below the orifice 
meter. The choice depends chiefly upon 
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the scale of the model, for if the diam- 
eter of the model uptake is less than 
%-in. diameter the condensation from 
the steam will prove a nuisance, since 
it will drain back along the uptake wall 
and obstruct the pressure tubes. 


With larger model funnels most of 
the condensation takes place in the ex- 
posed portion of the funnel above decks, 
and it is usual to incorporate a re- 
ceiver between the funnel and the de- 
livery system to drain off the water 
produced by condensation. 


In the alternative method where atom- 
ized paraffin is employed the condensa- 
tion is appreciably less. If the smoke is 
over-cooled, liquid paraffin will accumu- 
late at the funnel exit and some form 
of drain beneath the model funnel must 
be fitted to provide against this con- 


_ tingency. 


A schematic diagram of an atomizer 
is given in Fig. 18 (see also reference 
6). Commercial paraffin is contained in 
the reservoir, which is adjustable in 
height to vary the head of liquid de- 
livered to the jets. From the reservoir 
the paraffin passes through a filter to 
the heater, and on the remote side of 
the heater the paraffin, now in the form 
of smoke, enters the mixing chamber 


Fic, 18.—SCHEMATIC DIAGRAM OF PARAFFIN SMOKE GENERATOR 


via an array of jets. Air to the mixing 
chamber is supplied by a fan, which 
carries an auxiliary valve to regulate 
the amount of air entering the mixing 
chamber. By this means the density of 
the ultimate smoke cloud may be con- 
trolled such that, in still air, the smoke 
remains in suspension. The air pipes to 
the mixing chamber are arranged to 
blow directly across the jets to produce 
“atomization.” The mixture then passes 
through a cooler to a valve, which, in 
conjunction with the speed control on 
the fan, adjusts the quantity delivered to 
the model. The’ intensity of the smoke is 
adjusted by varying the current sup- 
plied to the heater, an excessive heat 
produces a very thin smoke, while in- 
sufficient heat results in excessive con- 
densation on the funnel wall. 


DETERMINING THE EXTENT OF DECK CONTAMINATION 


The point of interest in the photo- 
graphic records of a steam or smoke 
plume lies chiefly in the definition of 
the diffused lower boundary, in relation 
to its height over the deck correspond- 
ing to modifications of the ratio s/v. 
To study the concentration of the smoke 
at deck level it is necessary to employ 
a method which gives a direct indica- 
tion of those parts of the deck actually 
contacted by the descending funnel 
gases. This is best achieved by a chemi- 
cal reaction method. The technique 


* For formula see Appendix 


which has proved satisfactory at the 
National Physical Laboratory requires 
the model to be sprayed with a white 
paint containing lead acetate* and a 
reagent introduced into the effluent. 


Air only is discharged as the effluent, 
and after the velocity conditions have 
been adjusted to the required velocity 
ratio, sulphuretted hydrogen is  in- 
jected slowly into the delivery pipe until 
the concentration over the deck is ade- 
quately defined by the resulting black 
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stain. The result must be noted without 
undue delay, because the chemical reac- 
tion will continue after the experiment 
is completed and parts of the model be- 
yond the boundaries of the funnel gases 


Another method of tracing the plume 
boundaries is to project the flow from 
the funnel on to a screen in the form 
of a shadowgraph and to sketch in the 
flow boundaries by hand. Because of 
the difficulties experienced in satisfying 
the similarity conditions with this tech- 
nique, it has been found necessary to 
restrict these experiments to the detailed 
study of the buoyancy effects due to 
temperature as related to an unob- 
structed model of a funnel or chimney 
only. Increments in the height of the 
flow boundaries due to buoyancy are 
approximately in direct proportion to 
the difference between the free stream 
temperature and the funnel gas tem- 
perature, and also to the linear dimen- 
sions of the funnel uptake, but they are 
inversely proportional to the square of 
the relative wind velocity. Therefore, to 
represent the modification to the flow 
boundaries due to variations in tem- 
perature on a wind-tunnel model of the 
order of % in. to 1 ft. scale, the velocity 
conditions relative to normal cruising 
speeds would be of the order of 2 or 3 
ft. per second. The difficulties of main- 
taining a uniform velocity distribution 
across the working section of the wind 
tunnel and within the model uptake are 
obvious, but, nevertheless, the mean 
values from a series of observations, for 
a particular set of conditions, give re- 
markably good agreement. 


In this technique no visualizing agent 
is injected into the effluent. Air is taken 
from the reservoir of a compressor and 
fed through a low-capacity gas meter to 
the delivery system of the model (Fig. 
19). The first section of the pipeline 
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may be affected also and produce a mis- 
leading impression of the extent of the 
concentration. The model must be 
cleaned and re-sprayed with the paint 
for each record. 


carries two 1-kilowatt heaters within 
the pipe, which heat the central core of 
the column of air passing along the 
pipe. The heated air then passes into a 
section of the pipe with a heating coil 
wrapped around it and extended as 
close to the point of emission as the 
model will allow. The heating stages 
thus separated provide a far better con- 
trol of the temperature distribution 
across the pipe than would be possible 
with the heating elements located over 
the same section of the pipe. To mini- 
mize heat loss the whole of the delivery 
system is lagged to a point as close to 
the funnel exit as aerodynamic con- 
siderations will tolerate. 


The temperature at any point of in- 
terest is measured in the normal man- 
ner by a copper-constantan thermo- 
couple. At the funnel exit one thermo- 
couple is attached to the wall of the 
uptake and another, with a sufficient 
length of lead to avoid wall-tempera- 
ture interference, is positioned at the 
center of the uptake. The cold junctions 
of both thermocouples are positioned in 
the unobstructed free wind stream. The 
isothermals for a given velocity ratio 
and temperature difference, measured 
by a thermocouple exploration of the 
plume, are given in Fig. 20. 


A number of experiments on model 
factory chimneys have been conducted 
with this type of apparatus, and from 
the results the mathematical deductions 
relative to the prediction of the flow 
boundaries from a factory chimney dis- 
charging into a turbulent air stream 
have been analyzed by Mr. L. W. Bry- 
ant, and reduced to coefficients in terms 
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THERMOCOUPLE AT THE 
CENTRE OF THE OUTLET 


BY-PASS TO GAS METER 


Fic. 19.—APPARATUS FOR EXPERIMENTS ON A HEATED JET 


of the linear dimensions of the chimney 
and the velocity ratio s/v (see also 
reference 7). 

As it is unlikely that ships’ funnels 
will at any time be built high enough to 
be beyond the aerodynamic interference 
of obstructions on board the ship, the 
analysis from the heat experiments can- 
not be applied directly to the design of 
ships’ funnels in general. Nevertheless, 
it is of value to the designer to be in- 
formed of the effects of temperature on 
the behavior of a column of smoke dis- 
charged into an air stream normal to its 
path. As the smoke impinges on the 
streamlines passing the funnel outlet, 
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FiG. 20.—COoNTOURS OF CONSTANT TEMPERATURE (DEG. C.) FROM A 
THERMOCOUPLE TRAVERSE IN THE PLANE OF SYMMETRY OF A 
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the familiar billowing vortices are set 
up by the aerodynamic forces acting on 
the smoke jet, and, as the plume di- 
verges from the point of emission, the 
vortices progressively entrain an in- 
creasing amount of the surrounding 
colder air. The funnel gases therefore 
rapidly lose heat, but the height gained 
by buoyancy from the initial heat in the 
plume is reflected over the whole course 
of the plume and the lower fringes of 
the flow boundary would remain ata 
greater height above the deck than those 
of a similar cold plume. Nevertheless, it 
is important to bear in mind that a 
heated jet has a lower density than a 
cold jet, and therefore it has less mo- 
mentum, so that it would be depressed 
to a lower level at a similar velocity 
ratio. Consequently, for a given boiler 
discharge, part of the advantage gained 
from the increased velocity of the heated 
effluent is counterbalanced by the loss 
of momentum. 
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From the series of curves, Fig. 21, it 
may be seen that it is an advantage to 
maintain as high an efflux velocity as 
possible, because there is a greater gain 
from buoyancy at the higher values of 
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s/v. The values of s/v above 2/1 are 
applicable chiefly to instances of follow- 
ing winds and harbor conditions; when 
the ship is heading into wind it should 
be unnecessary for a well-designed fun- 
nel to discharge the gases at a higher 
velocity ratio than 2/1. 


Positioning the Funnel. Mention has 
already been made of the importance of 
raising the funnel above the disturb- 
ances produced by bluff obstacles up- 
wind of it, and, from this point of view, 
it is obvious that the position of the 
funnel relative to the obstacle is a de- 
sign fundamental. 


If, for example, we take an average 
funnel typical of a passenger liner and 
apply it to the superstructure in differ- 
ent positions, we shall see from the 
photographs reproduced in Fig. 22 that 
the descent of funnel gases is greater 
when the funnel is close to the frontal 
face of the superstructure than when it 
is in the aftermost position. Also, in 
winds off the bow, the flow pattern 
from the funnel in the forward position 
is appreciably more disturbed than when 
the funnel is partially screened by the 
breakaway from the superstructure. In 
following winds the conditions would 
be reversed, except those of velocity 
ratio which would improve with in- 
creasing ship speed. 


However, both aesthetic considera- 
tions and practical requirements of the 
boiler-room arrangements are factors of 
importance, and either might outweigh 
the aerodynamic advantages of a differ- 
ently positioned funnel. 


Position of the Uptake within the 
Funnel. The flow boundaries for a 
number of funnel modifications have 
been sketched in the first part of this 
paper (Fig. 5). It must be accepted, 
however, that objections to a slavish 
adherence to aerodynamic efficiency 
must prevail when such a funnel would 
be out of keeping with the general lines 


of the ship, particularly as it is only at’ 
wind ahead and small deviations there- 
from that the improvement is achieved. 
In circumstances where the designer 
prefers a slight rake to improve the ap- 
pearance of the funnel the problem 
arises, where within the funnel casing 
shall the uptake be arranged? Fre- 
quently the position will be decided by 
the dimensional limitations of soot ex- 
tractors and similar auxiliary equip- 
ment within the funnel casing; but, 
nevertheless, it should still be possible 
to allow a sufficient length beyond such 
fittings to lead the uptake to the point 
where it will be most effective in dis- 
charging the gases clear of the funnel 
wake. 


The «smoke boundaries and aerody- 
namic streamlines at wind ahead indi- 
cated on the diagrams (Fig. 5) show 
that the point of breakaway will be at 
the leading edge of the funnel irrespec- 
tive of the position of the uptake. Under 
operational conditions, however, it is 
very doubtful if the wind is directly 
ahead for any appreciable part of a 
voyage, consequently this wind direc- 
tion becomes of least importance. 


Model experiments have shown that 
the worst conditions prevail when the 
ship is 20 deg. to 30 deg. out of wind, 
and, therefore, the shipbuilder should 
concentrate his efforts to obtain deck 
clearance over this range. The first step 
is to get the uptake as far aft as the 
funnel casing will permit and then to 
increase the efflux velocity until the 
lower fringes of the plume are dispersed 
clear of the disturbances in the imme- 
diate wake of the funnel. For any new 
design the minimum value for the efflux 
velocity is more easily determined by 
wind-tunnel experiments; in fact it is 
desirable that it should be so, because 
by this means it is possible to arrive at 
the power factor to be employed in the 
design of the forced draught and in- 
duced draught fans. By this approach 
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to the problem a sufficient reserve of 
power could be provided to give clear 
decks at all angles of wind. 


It must be appreciated, however, that 
the wind-tunnel results are expressed in’ 


METHODS OF 


The Air Annulus. Model experi- 
ments on the effectiveness of an auxil- 
iary air discharge around the funnel 
were initiated by the Admiralty in 1938, 
chiefly with a view to clearing the low- 
velocity region at the wall of the uptake 
and thereby preventing wisps of smoke 
from seeping down the funnel and en- 
tering the boiler-room ventilators. These 
experiments successfully dealt with that 
special problem, but they were not ex- 
tended to deal with the main volume of 
smoke which probably descended to 
deck level at a more remote distance 
from the funnel. 


The very small annular width which 
must be used in the model to correspond 
with full-scale dimensions requires the 
model funnel to be made to a high order 
of accuracy. The final portion of the up- 
take must be precision machined, and 
the annular spacing at the outlet must 
not only be concentric, but it must also 
be designed to give a good velocity dis- 
tribution around its periphery. It is 
convenient to design the annular space 
leading to the outlet to the maximum 
width anticipated in the experiment, 
and thereafter to interchange separate 
nozzles to reduce the size of the an- 
nulus. The annular width ultimately 
decides the scale of the model, for it is 
not advisable to reduce that dimension 
below % in. If, however, this restric- 
tion results in the scale of the model 
being too large for the particular wind 
tunnel envisaged for the tests, then it is 
preferable to divide the experiments 
into two separate parts. First, a study 
would be made of the flow boundaries 
from a larger scale model of the funnel 


terms of the velocity ratio of efflux to 
relative wind, and it is for the designer 
to decide the figure for the speed of the 
natural wind to which he is prepared 
to power his fans. 


PREVENTION 


mounted on the superstructure only, 
and later the funnel arrangement giving 
the best results would be applied to a 
smaller scale model of the complete ship, 
when the*whole plume would be re- 
corded. On this model the actual annu- 
lus would be omitted and the resultant 
plume would represent the condition 
when the efflux velocity and annulus 
velocity were equal. If the boundaries of 
the plume are studied over a range of 
velocity ratios and superimposed on 
those obtained from the first part of the 
experiment, the descent of the funnel 
gases may be estimated for any wind 
condition within the limits bounded by 
the experiment. 


It is not possible to arrive at an 
empirical formulae for the design of 
annular uptakes because the wide vari- 
ations in ship design result in dissimilar 
streamlines in the plane of the funnel. 
The experiments which have so far been 
completed on this project indicate that 
the width of the annulus should not be 
less than 10 per cent of the uptake diam- 
eter. The velocity of discharge is de- 
pendent upon several factors, the chief 
of which is that of funnel height, for it 
is obvious that a high funnel would re- 
quire a lower discharge velocity than a 
short funnel. Taking an average of the 
funnels of modern vessels, the annulus 
velocity should be between one and a 
half times and twice the velocity of the 
relative wind over the ship. 


To provide a typical example, we will 
assume an uptake diameter of 5. ft., 
which, with a surrounding annulus 10 
per cent of the uptake diameter, gives 
an overall dimension of 6 ft. diameter. 
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If the cruising speed is 15 knots and 
the natural wind 20 knots at wind ahead 
‘the relative wind speed over the ship 
will be 35 knots. At velocity ratios of 
2/2 and 2/1 the quantity of air dis- 
charged from the annulus would be 
approximately 77,000 cu. ft. per min. 
and 102,000 cu. ft. per min. respectively. 


The energy of the jet at the outlet 
would be 13.1 H.P. and 31 H.P. re- 
spectively, and the fans required to de- 
liver that power would, in addition, 
have to overcome the drag losses in the 
trunking. 


The full-scale application of the air 
annulus must be arranged in the initial 
stages of the funnel design, for it is 
generally difficult to find adequate space 
for a separate fan and trunking after 
the ship is built. Ideally, the fan should 
be controlled by an anemometer posi- 
tioned as near as practicable within the 
undisturbed flow over the ship, so that 
the annular discharge is operated en- 
tirely according to the conditions of the 
relative wind. Such an anemometer 
would, of course, respond to small vari- 
ations in wind speed and direction, but 
suitable damping could be provided in 
the fan speed-control system to restrict 
the fan so that it followed sustained 
conditions only. 


Throats or Nozzles. To install an air 
annulus around the uptake of a ship al- 
ready in service would probably entail 
such extensive modifications as to render 
it impracticable or too costly. A more 
convenient alternative would be that of 
fitting a throat or nozzle at the uptake 
outlet to reduce the area at the point of 
emission and thereby increase the efflux 
velocity in direct proportion to the areas 
of the uptake and the nozzle. It is impor- 
tant that the velocity distribution across 
the outlet should be as uniform as pos- 
sible and this can only be achieved with 
an aerodynamically efficient nozzle. Two 
examples of a suitable nozzle are given 
in Fig. 23 “A,” from which it may be 
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seen that the sides of the nozzle require 
to be curved. This feature makes con- 
struction far more difficult. than a 
straight-sided cone giving a_ similar 
contraction ratio, but the very much 
improved performance warrants the 
additional labor and expense. It will be 
appreciated, therefore, that a sharp con- 
traction like that shown in “B,” Fig. 
23, should be avoided. 


It must not be overlooked, however, 
that without the introduction of extra 
air into the uptake this device is most 
effective at full power only; at lower 
ship speeds the efflux velocity is rel- 
atively lower and the consequent plume 
from the funnel will be depressed closer 
te the decks. 


A Proposed Solution to the Problem. 
As the results of wind-tunnel experi- 
ments have generally indicated the need 
of high efflux velocities to raise the fun- 
nel gases clear of the turbulent wake of 
the funnel and ship’s superstructure, the 
designer is faced with the decision 
whether or not the nuisance value of the 
descending funnel gases is serious 
enough to warrant the installation of 
additional equipment to supply the 
power solely for that purpose. Hitherto 
the project has always been received 
very unfavorably, but the fact remains 
that mechanical power must be em- 
ployed. 


A study of contemporary boiler-room 
arrangements indicates that in many 
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vessels the power is already available 
in the reserve capacity of the forced- 
draught and induced-draught fans. It is 
a common feature of design to deliver 
air to a boiler direct from a forced- 
draught fan and to discharge it, to- 
gether with the products of combustion, 
through an induced-draught fan. If, 
however, the delivery from the forced- 
draught fan was delivered directly to 
the induced-draught fan‘ and the boiler 
supply tapped therefrom by a suitable 
valve (Fig. 24), a high efflux velocity 


INDUCED 
DRAUGHT 7 
FAN / 


UPTAKE 


FORCED DRAUGHT FAN 


Fic. 24.—ARRANGEMENT TO GIVE A HIGH 
EFFLUX VELOCITY IRRESPECTIVE OF SHIP 
SPEED 


could be provided at any time the rela- 
tive wind conditions demanded it. This 
could be done independently of the ship 
speed, because the valve would be oper- 
ated to divert only the required amount 
of air to the boiler. The balance be- 
tween the speed of the two fans must be 
computed in terms of the relative wind 
speed and the ship speed, and a suitable 
chart prepared for the boiler-room en- 


gineers. This would entail the addition 
of an anemometer to the ship’s equip- 
ment, and it would require to be posi- 
tioned as nearly as practicable in the 
free stream over the ship. The anemom- 
eter would give a remote reading of the 
wind. speed and direction on an indi- 
cator in the boiler room, and it would 
be the responsibility of the engineers to 
adjust the speed of the fans in accord- 
ance with those readings. 


In those vessels where the air supply to 
the boiler is obtained by increasing the 
boiler-room pressure above atmospheric, 
the solution is equally possible. A con- 
trolled inlet from the boiler room lead- 
ing directly into the uptake will also 
produce’ an efflux velocity to give clear 
deck conditions within the limits of the 
design. 


It follows, therefore, that either of 
these methods will afford the designer 
a means of obtaining the equivalent of 
full-power efflux conditions at all times 
and at any ship speed. When the ship is 
in harbor and both the relative wind 
speed and the ship speed are zero, noth- 
ing will keep the decks free from soot 
deposits other than a large asbestos 
umbrella. 


Model and Full-Scale Comparison. 
Manifold difficulties are encountered 
when attempting to record the pattern 
of the smoke plume under full-scale 
conditions. An escort of equal speed to 
that of the parent ship is required, from 
which the photographs can be taken, 
and this vessel must also carry a sta- 
bilized or articulated framework to sup- 
port the camera. On board the parent 
ship other observers are needed to re- 
cord the efflux velocity of the funnel 
gases, the speed and course of the ship, 
and the velocity and direction of the 
relative wind. Cooperation by signal 
between the two ships must be organ- 
ized in order to ensure that they will be 
on parallel courses, at similar speeds, 
when the records are being taken. The 
fact that the whole operation requires to 
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be conducted as a separate experiment 
introduces further complications in 
terms of time and cost. It is seldom pos- 
sible to undertake these experiments 
during the acceptance trials of a vessel 
because of the many other tests on the 
ship’s equipment then in operation, nor 
is it convenient to attempt such records 
when the ship is in commission because 
of the inconvenience to passengers. 


Difficulty also arises in positioning 
the camera to photograph the plume 
from a station on board the ship her- 
self. When the camera is trained aft it 
photographs the smoke astern as well as 
the smoke over the ship, so that it be- 
comes quite impossible to determine 
where, on the ship, the smoke reaches 
the deck level. When the camera is 
positioned aft and trained forward, the 
identification of specific parts of the 
plume is equally impossible. It becomes 
very much more convenient, therefore, 
to resort to visual observation, and 
many practical aids to this method may 
be devised. There is also the fact that 
the lower fringes may be scarcely visi- 
ble, but they are usually above atmos- 


pheric temperature, while the sulphur 
dioxide content gives them a distinct 
odor, so that they may be detected by 
feeling or smell. 


Areas of discoloration on the funnel 
and surrounding deckworks provide an 
indication of the extent and frequency 
of the descent of the funnel gases below 
the point of emission. More concise in- 
formation on the velocity and direction 
of the relative wind under normal oper- 
ational conditions at sea ‘is still required 
in order that the velocity ratio of the 
model experiments may be adjusted to 
them. 


We at the National Physical Labora- 
tory are very much indebted to some of 
the leading shipping companies, whose 
kindly cooperation over the past few 
years has afforded us the opportunity of 
gaining a wider knowledge of full-scale 
smoke conditions. Much useful informa- 
tion has been obtained; and. the impres- 
sions gained from this experience lead 
to the conclusion that the flow bound- 
aries indicated by model experiments 
approximate very closely to those full 
scale. 
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APPENDIX 


Cuina CLay SOLUTION FOR CHEMICAL REACTION EXPERIMENTS 


Dissolve the lead acetate in the water. 
Add to china clay. 
Add the acetone and glycerine. 
The above quantities produce 1 winchester of the solution. 
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“FUNDAMENTALS OF ACOUSTICS” 


By LawreENceE E. KINSLER AND Austin R. FREY 
Published by John Wiley and Sons, Inc., 516 pages—$6.00 


REVIEWED BY MurRRAY STRASBERG 
PHysIcISsT, BUREAU OF ‘SHIPS 


No longer can the Naval engineer consider acoustics as an esoteric subject to 
be ignored. Developments during and since the Second World War have made 
acoustic requirements increasingly important in the design of Naval vessels. 


The Naval engineer’s interest in acoustics results primarily from the problems 
of noise and vibration reduction. In preliminary design, the ship designer has 
been forced to consider such unorthodox questions as whether a single- or twin- 
screw vessel is inherently quieter, or whether modifications in hull form will result 
in a reduction of underwater noise. In the detailed design, he has been required 
to design a propulsion system without reduction gears, to determine whether four- 
or five-bladed propellers have less vibration, or to choose between Waterbury and 
IMO pumps on the basis of noise. 


Excessive vibration causes discomfort and results in fatigue failure of com- 
ponents. Airborne noise interferes with communications, and impairs the efficiency 
of personnel. Noise transmitted to the water can be used by the enemy for detection 
and for attack with acoustic undersea weapons. Waterborne and structure-borne 
noise interferes with the operation of the ship’s own acoustic detection equipment. 
For all these problems, there are two types of solution; either to reduce the noise 
or vibration at its source, or to reduce the transmission. 

There are a number of routine and “rough and ready” procedures for accom- 
plishing noise reduction. Unfortunately, however, noise sources and transmission 
paths often behave contrary to the dictates of common sense, so that a basic 
knowledge of acoustic principles is desirable for the correct application of noise- 
reduction procedures. 


A study of “Fundamentals of Acoustics,” by Lawrence Kinsler and Austin Frey, 
will provide the required basic knowledge. The first four chapters follow the 
traditional sequence, probably first introduced by Lord Rayleigh, of discussing 
simple-harmonic motion, vibrating stretched strings, longitudinal vibrations of 
bars, and transverse vibrations of bars, stretched membranes, and plates. The next 
five chapters complete the discussion of classical theoretical acoustics, covering 
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the transmission of sound in one direction, the spherical propagation of sound, 
acoustic resonators and filters, and the absorption of sound. The last six chapters 
discuss various problems in applied acoustics: loudspeakers, microphones, physio- 
logical and psychological acoustics, room acoustics, underwater sound, and ultra- 
sonics. 


Although there are many textbooks on the subject, the Kinsler and Frey work 
may well fill a gap in the existing literature between the primarily descriptive 
books and the more advanced mathematical texts. All the subject matter is pre- 
sented from a theoretical viewpoint, using analytic methods and concepts. However, 
the discussion is couched. in simple language, and only enough mathematics is used 
to provide a firm foundation for understanding. Accordingly, the not-too-mathe- 
matical reader will undoubtedly prefer this book to the more advanced texts. 


The above is not to imply that little mathematical background is required. The 
discussion in the theoretical chapters presumes a knowledge of the use of complex- 
variable notation, of Fourier series, and some familiarity with Bessel functions. 
From a pedagogic viewpoint, it might have been desirable to provide some dis- 
cussion of these subjects. Too many engineers will require preliminary instruction, 
using some other text, to provide them with the required background. 


The increased number of scientists working in acoustics during the past years 
has resulted in the development of many new concepts in an essentially-classical 
field. The book is written in terms of these new concepts, and many of the newer 
terms which do not appear in the older texts are defined here: for example, recog- 
nition differential, articulation index, transmission anomaly, and directivity index. 

The engineer looking for the quick solution to his noise problem will not find 
his answer here. To such a casual reader, it is hoped that the book will indicate 
that acoustics is a reasonably complicated subject and that he is not an acoustics 
expert simply because he has a good pair of ears. For the serious reader, inter- 
ested in a firm foundation in the subject, “Foundations of Acoustics” is highly 
recommended. 
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The Society has learned with deep regret of 
the death of the following since the publication 
of the May, 1951, Journal: 4 


REGINALD NORMAN, Associate 


H. A. K. LAY, Commander, R.N., Associate 
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ADMIRAL FORREST PERCIVAL SHERMAN, U. S. NAVY 


It is with deep regret that the Society reports the sudden death of ADMIRAL 
Forrest PercivAL SHERMAN, U. S. Navy, Chief of Naval Operations, at Naples, 
Italy, on 22 July 1951, while on a foreign mission in connection with his duties 
as a member of the Joint Chiefs of Staff. 


Forrest Percival Sherman was born in Merrimack, New Hampshire, on October 
30, 1896, son of Frank James and Grace Allen Sherman. He was graduated from 
Melrose High School, Melrose, Massachusetts, and had-entered the Massachusetts 
Institute of Technology when he was appointed to the U. S. Naval Academy in 
1914, While a Midshipman he won the Navy “N” as a member of the intercollegiate 
championship fencing team, was regimental adjutant, and was awarded the Class 
of 1871 Prize, Navy dress sword and knot, as the member of the graduating class 
most proficient in practical and theoretical ordnance and gunnery. Graduated with 
distinction, second in the Class of 1918 (199 members) and commissioned Ensign 
on June 28, 1917, he subsequently attained the rank of Rear Admiral on April 3, 
1943, and Vice Admiral on December 28, 1945. He took the Oath of Office as 
Chief of Naval Operations, with the accompanying rank of Admiral, on November 
2, 1949. 


During World War I, he served in Mediterranean waters in the USS Nashville. 
He later served in the destroyer Murray, which was based on Brest, France, and in 
August 1919 joined the USS Utah. A year later he was transferred to the USS 
Reid, flagship of Commander Destroyer Squadron One, Atlantic Fleet. He com- 
manded the USS Barry from May to October 1921, when he reported for duty as 
Flag Lieutenant to Commander Control Force, Atlantic Fleet. He served for 
eight months in that assignment attached to the USS Florida, flagship. 


In June 1922 he reported to the Naval Air Station, Pensacola, Florida, for flight ( 
training. Designated Naval Aviator on December 22, 1922, he joined Fighting 
Squadron TWO, Aircraft Squadrons, Battle Fleet, in April 1923. A year later he 
returned to Pensacola to serve as an instructor until June 1926, and the following 
year had instruction at the Naval War College. Reporting in June 1927 to the 
USS Lexington, then fitting out, he served in that aircraft carrier from her 
commissioning, December 14, 1927, until December 1928. He then joined Scouting 
Squadron TWO, based on the aircraft carrier Saratoga, and was placed in com- 
mand of that squadron in April 1929. In May he was assigned duty as Flag 
Secretary on the staff of Commander Aircraft Squadrons, Battle Fleet, USS 
Saratoga, flagship, and remained in that assignment until June 1930. 


He was an instructor in the Department of Seamanship and Flight Tactics at 
the Naval Academy during the school year 1930-1931. In May 1931 he rejoined 
the Saratoga with duty on the staff of Commander Aircraft, Battle Force, U. S. 
Fleet. In June 1932 he assumed command of Fighting Squadron ONE, based on 
the Saratoga. That squadron won the Aircraft Gunnery Trophy in 1932-1933, 
and he was commended by the Secretary of the Navy for the high efficiency of his 
squadron. He personally won the Navy “E” in both dive bombing and fixed guns. 
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In June 1933 he reported for duty in the Bureau of Ordnance, Navy Department, 
Washington, D. C., where he had charge of the Aviation Ordnance Section until 
June 1936. After a year’s service as Navigator of the USS Ranger, he was trans- 
ferred to duty as Fleet Aviation Officer on the staff of Commander Battle Force. 
He continued staff duty from January 1938 until February 1940 on the staff of 
Commander in Chief, U. S. Fleet. 


During his tour of duty, ending February 1942, in the War Plans Division. 
Office of the Chief of Naval Operations, Navy Department, he was a member of 
the Permanent Joint Board on Defense, Canada-United States, and also served as 
Naval Aviation Advisor at the Atlantic Conference in August 1941. Following 
three months’ duty at Headquarters, Commander in Chief, U. S. Fleet, as a member 
of the Joint Strategic Committee, he assumed command of the USS Wasp in May 
1942, and was in command of that carrier when she was sunk by enemy action in 
the Solomon Islands area on September 15, 1942. 


For “extraordinary heroism as Commanding Officer of the USS Wasp and Flag 
Captain to the-Commander of a Task Force during the occupation of Tulagi- 
Guadalcanal and subsequent operations . . . ,” he was awarded the Navy Cross. 
The citation continues: “In addition to supervising plans for employment of aerial 
support to cover the initial landing, Captain Sherman, by his proficient skill and 
astute leadership, contributed to the relentless fighting spirit and aggressive courage 
which enabled his group to destroy hostile opposition in the air and on the beach. 
His outstanding performance of duty was a decisive factor in the success of our 
forces and was in keeping with the highest traditions of the United States Naval 
Service.” 


Following the sinking of the Wasp, he was designated Chief of Staff to Com- 
mander Air Force, Pacific Fleet. He was awarded the Legion of Merit for “excep- 
tionally meritorious conduct (in that capacity) from October 14, 1942, to November 
24, 1943... .” The citation states further: “A skilled and aggressive leader, (he) 
coordinated the planning, training and logistic requirements which produced effi- 
cient naval aviation in the Pacific throughout a vitally important period. His 
resourceful initiative, keen foresight and conscientious devotion to duty were 
contributing factors in the advanced state of preparedness of the aviation units of 
the Pacific Fleet for the Central Pacific Campaign and the successful prosecution 
of the war against the enemy.” 


On November 10, 1943, he was transferred to duty as Deputy Chief of Staff to 
Commander in Chief, Pacific Fleet and Pacific Ocean Areas. He was awarded the 
Distinguished Service Medal for “exceptionally meritorious service . . . (in that 
assignment) from November 10, 1943, to September 2, 1945... .” The citation 
points out: “Rear Admiral Sherman rendered distinguished service in the prepara- 
tion of plans and the coordination of our campaigns to bring about the early 
capitulation of the Gilberts, Marshalls, Marianas, Western Carolines, Iwo Jima 
and Okinawa, our final attacks on Japan, and the naval phases of the occupation of 
the defeated Empire. As head of the War Plans Division on the staff, he contributed 
essentially to the successful prosecution of the war in the Pacific and his unfailing 
efforts were of vital importance in forcing the enemy to surrender. . ..” *' 


Representing the Navy in the initial conferences with the Japanese at. Manila in 
August 1945, he was present aboard the USS Missouri in Tokyo Bay when the 
formal surrender of the Japanese was signed on September 1, 1945 (EST). In 
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October 1945 he was ordered to duty as Commander Carrier Division ONE, and 
in December of the same year became Deputy Chief of Naval Operations (Opera- 
tions), Navy Department, Washington, D. C., where he was responsible for plans, 
fleet operations and training, intelligence and joint activities. 


In January 1948 he was designated Commander U. S. Naval Forces, Mediter- 
ranean, which title was changed on June 1, 1948, to Commander Sixth Task Fleet, 
and served in that assignment until appointed Chief of Naval Operations. He 
assumed the duties of that office, in the rank of Admiral, on November 2, 1949. 


In addition to the Navy Cross, the Distinguished Service Medal, the Legion of 
Merit, and the Purple Heart Medal (awarded for wounds received aboard the 
USS Wasp), Admiral Sherman has the Victory Medal, Patrol Clasp; the American 
Defense Service Medal, Fleet Clasp; the Asiatic-Pacific Campaign Medal; the 
American Campaign Medal; the World War II Victory Medal; and the Navy 
Occupation Service Medal. 


The Government of Great Britain made him an Honorary Companion of the 
Order of the Bath and awarded him the Oak Leaf Emblem after Mention in 
Despatches. The King of Greece awarded him the Grand Cross of the Order of 
the Phoenix; the Government of Italy the Grand Cross of the Military Order 
of Italy; and the Government of France the degree of Grand Officer of the 
Legion of Honor. 


Admiral Sherman was an Honorary Member of the Society. 
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CHANGES IN MEMBERSHIP 


The Society has to announce with much pleasure that the following have been 
admitted to membership since the publication of the May, 1951, issue. 


NAVAL 


Andrew, Mario Iacobucci, Lieut. Commander, U.S.N.R., 
Application Engineer, Federal & Marine Div. 
General Electric Co., Schenectady 1, N. Y. 


Bleecker, James Barclay, Jr., Lieut. Commander, U.S.N., 
4682 Monroe Ave., San Diego, Calif. 


Briggs, Harold Melvin, Captain, U.S.N., 
Quarters “N”, U. S. Naval Gun Factory, Washington, D. C. 
Findl, Eugene, Ensign, U.S.N., 
USS De Haven (DD 727) % Fleet P. O., San Francisco, Calif. 


Graham, James John, Lieut. Commander, U.S.C.G., 
Room 311, Custom House Building, New Orleans, La. 


Grove, Michael Motte, Ensign, U.S.N., 
USS Renshaw (DDE 499) % Fleet P. O., San Francisco, Calif. 


Hunt, Everett Clair, Ensign, U.S.N.R., 
3d Asst. Engineer, Merchant Marine, 
Mail: 63 Buena Vista St., Springdale, Conn. 


Johnson, Walter Franklin, Lieutenant, U.S.N., 
11543 E. 14th St., Artesia, Calif. 


Leipold, Robert Bruce, Lieutenant, j.g., U.S.N.R., 
Staff Engineer, Automatic Electric Sales Corp., 
601 Washington Bldg., Washington, D. C. 


McDowell, Stanley Edgar, Ensign, U.S.N.R., 
Engineer in Training, Allis Chalmers Mfg. Co., Milwaukee, Wis., 
Mail: Grafton, Wis 

Schryver, Chandler, Lieutenant, j.g., U.S.N.R., 
USS E-PCE-(R) 899, % Fleet P. O., New York, N. Y. 


Slocum, Walter Ware, Lieut. Commander, U.S.N.R., 
Gen. Manager, W. W. Slocum Co., Engineers, 
744 Broad St., Newark, N. J. 


Von Tungeln, Lloyd Ludolph, Lieutenant, U.S.N.R., 
USS Navaro (APA 215) % Fleet P. O., New York, N. Y. 


CIVIL 


Bastien, Gerald Joseph, Inspection Administrator, 
Supervising Inspector, N. M., Houston, Texas, 
Mail: P. O. Box 4090, Houston, Texas 


Bergan, Martin D., Director of Research & Development, 
The Thomas & Betts Co., Elizabeth, N. J., 
Mail: 139 Effingham Place, Westfield, N. J. 
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Brown, Clifford W., Representative, 
. Sperry Gyroscope Co., Great Neck, N. Y. 


Chartz, John Alfred, General Manager, 
Dalmo Victor Co., 1414 El Camino Real, San Carlos, Calif. 


Curtiss, Lawrence M., Manager, Field Technical Service, 
The Thomas & Betts Co., 36 Butler St., Elizabeth, N. J. 


Gates, William Fount, Chief Engineer & Vice President, 
Dalmo Victor Co., 1414 El Camino Real, San Carlos, Calif. 


Jones, John Paul, Engineering Development Division, Rheem Mfg. Co., 
Lester, Pa., 
Mail: 606 West 9th St., Chester, Pa. 


Jones, Meredith R., Project Engineer, Rheem Mfg. Co., Lester, Pa., 
Mail: 7801 Cedarbrook St., Philadelphia, Pa. 


Lacaon, Juan S., 
1017A Lowell Place, Honolulu, T.H. 


Levin, Ben, Supervisor’s Office, Inspector of Naval Material, 
Houston, Texas, 
Mail: 4915 Andrea, Houston, Texas 


Moseley, Irving Tomilson, President, 
Dalmo Victor Co., 1414 El Camino Real, San Carlos, Calif. 


Nelson, Edwin Carl, Asst. Branch Head, Industrial Planning Branch, d 


Bureau of Ordnance, Navy Dept., 
Mail: R.F.D. 2, Alexandria, Va. 


Perry, Foster N., Executive Vice President, American Busch Corp., 
Springfield, Mass., 
Mail: 158 Main St., Suffield, Conn. 

Rassback, Richard William, M. E. Sciafe Co., Washington, D. C., 
Mail: 7706 14th St., N.W., Washington, D. C. 


Reed, Stanley Foster, President & Director, Reed Research, Inc., 
1048 Potomac St., Washington 7, D. C. 


Shwartzel, Karl D., Head Physics Dept., 
Cornell Aeronautical Laboratory, Buffalo 21, N. Y. 
Zigler, Walthall H., Supervising Naval Architect, M. & R. Division, 


Military Sea Transportation Service, Gulf Area, 
Mail: 1221 Delachaise St., New Orleans, La. 


ASSOCIATE 


-Duvoy, Julio Alberto, Lieutenant, j.g., (NA) Argentine Navy, 
Telleres Generales Base Naval, 
Puerto Belgrano, F.C.N.G.R., Rep. of Argentina 


Eddington, John David, Govt. Representative, Crane Co., im 
1225 Eye St., Washington, D. C. | 


Faison, Clinton Forest, Jr., Sales Engineer, General Electric Co., 
229 W. Bute St., Norfolk 10, Va. 
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Marchese, Alfredo, Lieut. Commander (NA) Italian Navy, 
Via Monti, Parioli 46, Rome, Italy 
NAssil, Bertil, Managing Director, Nassil & Co., 
Kungstensgatan 61, Stockholm, Sweden 
Pereira-Pinton, Francisco Freire, 
Caix Postal 3225, Rio de Janeiro, Brazil 
Rankine, Hugh Gordon, Lieutenant (E) RCNR, Technical Officer, 
Marine Engineering, Marine Supt., Office Dept. of Transport, 
Montreal, P.Q., Canada, 
Mail: 1425 Rue Quimet, Apt. 26, Ville St. Laurent, 
Montreal, P.Q., Canada 
Reynolds, William Henry, President, 
Tampa Marine Corp., P. O. Box 1171, Tampa, Fla. 
Russell, Charles Herbert, Executive, 
Hdgatrs. Sales, Westinghouse Electric Supply Co., 
1757 K St., N.W., Washington, D. C. 


Tietjen, Paul L., Director of Water Transportation, 
Jones & Loughlin Steel Corp., 
Mail: Hanna Road, Willoughby, Ohio 


Van Aalst, Johann Heinrich, Instructor, Diesel Division, 
West Coast University, Los Angeles, Calif., 
Mail: 640 Myrtle St., Glendale, Calif. 


TRANSFERRED ASSOCIATE TO CIVIL 


Vitucci, R. V., Bureau of Ships, Navy Dept. 


RESIGNED 
Anderson, W. L., Captain, U.S.N., Naval 
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ASSOCIATION NOTES 


ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon publica- 
tion. Authors are paid from $40.00 to $150.00 depending upon length, interest and 
professional value. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no proof 
is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, so 
that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing is 
acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the author(s). 
50 to 100 words for each author is desired. 


Manuscripts should be mailed addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers 
605 F St., N. W. 

Washington 4, D. C. 


Manuscripts accepted will not be returned unless specifically requested by the 
author. If returned, they will be in the condition which has resulted from the 
work of the printer and the engraver. Immediately following publication, the 
author is furnished 10 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days prior 
to the publication date which is the 25th of the issue month. Estimate of cost of 
additional reprints, which will vary with the nature of the article and the num- 
ber of copies ordered, will be furnished on request as soon as possible after the 
article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest Journa. 
which has not yet been closed (60 days before publication) and for which insuffi- 
cient material is already on hand. 
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SuByEct MATTER AND AUTHORS 


To assist the editor in programming future issues, the help of all members is 
solicited. To make it easy, the last page in this issue is readily detachable as you 
will find. This page has blanks for two entries. 

(a) What subject would you, as a member, like to see covered by an article 
in the JOURNAL. 


and 
(b) Who do you consider best qualified to prepare such an article authorita- 
tively, and what is his address (if you know). 
Any of these forms’ which are filled in and mailed to the Society will be 
received with thanks and the editor will follow up to get the suggested articles 
prepared. 


PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JoURNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death of 
any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


SOCIETY LAPEL BUTTONS 


Shown below is an illustration of the lapel button of the Society. It is believed 
that it will be conceded that this is a very fine dignified insignia. It is one-half 
inch in diameter. 


The oak leaves and lettering are red on a gold background. 
It is available to all members at fifty cents (50c) each. 
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LIFE MEMBERSHIPS 


Any member may now purchase a life membership under the following rules: 


(a) Any dues paid for the year in which life membership is purchased will 
be credited to the cost of the life membership. 


(b) Life memberships are non-transferable and terminate with the death 
of the member. 


(c) No refund will be made on account of death or resignation of a life 
member. 


(d) Life membership will vary in cost with the age of the member at his 
next birthday following application, as follows: 


Over 55 years 
40 to 55 years 
25 to 39 years 
Under 25 years 


(e) All life memberships paid in shall be protected by a transfer on the 
books of the Society of Series G, U. S. Government 2% per cent bonds. Thus 
a life membership will be established. It will be credited with moneys paid 
in for life memberships and debited with the regular amount of annual dues for 
each life member each year. 


LOCAL CHAPTERS 


Local Chapters of the American Society of Naval Engineers may now be author- 
ized by the Council. The following rules for recognition of Local Chapters have 
been adopted by the Council: 


(a) Twenty or more regular members, Naval or Civilian, may apply for 
a Charter as a Local Chapter. 


(b) Each application must be accompanied by a list of members and a copy 
of local By-laws. The latter must meet the following minimum requirements. 


1. All financial dealings of the local Chapter must be independent of the 
Society and can in no way obligate the Society as a whole. The local chapter 
shall set up on a non-profit basis. All accounting shall be local. 


2. Each active local Chapter shall receive from the Society a grant of 
$0.50 per year for each naval member, civil member or associate who resides 
in the local area and who associates himself with the local Chapter. This 
grant may be used by the local Chapter to Wefray any necessary expenses, 
including (a) Letterheads, (b) Notice cards, (c) Postage, (d) Minimum rental 
allowance, (e) Secretarial service (part time). 
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3. Any technical papers presented at local chapter meetings, shall be sub- 
mitted to the Secretary-Treasurer of the Society for consideration for publi- 
cation in the JourNAL. Any paper accepted will be paid for at regular rates. 


4. Each local chapter shall submit a quarterly report of its activities to 
the Secretary-Treasurer. These reports must reach Washington, D. C. prior 
to 15 January, 15 April, 15 July and 15 October. This report shall contain 
a list of active local members as of the first day of the quarter for the pur- 
pose of computing the amount of grant. 


5. Associate members of the Society shall be eligible for membership in a 
Local Chapter, entitled to all the privileges of other members except voting 
and holding office. 
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ADVERTISEMENTS 


Newest, lightest, 


most compact 
SUBMARINE 
ENGINE 


OW being installed in the 

United States Navy’s new- 
est attack submarines is a re- 
markable new radial-type Diesel 
engine. 


Developed for the United States 
Navy by Cleveland Diesel En- 
gine Division of General Motors, 
this 16-cylinder, 2-cycle Diesel is 
the lightest Diesel engine avail- 


able in this power range. It is so 
compact that it is only about one 
third the weight and size of en- 
gines previously used for sub- 
marine propulsion! 

Compact, economical and, above 
all, dependable, GM Diesel Elec- 
tric Drive is the power plant that 
pays its way in all types of 
marine operations. 


Leader in Diese! engineering development for 39 years 


Cleveland Diesel Engine Division 


CLEVELAND 11, OHIO 


GENERAL 


MOTORS 


ENGINES FROM 
150 TO 
2000 H.P. 


SENERAL MOTORS 


DIESEL 
POWER 


ii 
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A Griscom-Russell Soloshell Evaporator for American President Line's 3 new ships. 


ANACONDA Super-Nickel 702 Heat 
Exchanger Tubes will equip The 
Griscom-Russell Soloshell Evapo- 
rators that furnish fresh drinking, 
washing and boiler feed water at sea 
to The American President Line’s 
three new ships. 


This reliable copper-nickel alloy 
forms protective films of corrosion 
products for longer life where tem- 
peratures and water velocities are 
high. For counsel on any condenser 
tube problem, just write The Ameri- 
can Brass Co., Waterbury 20, Conn. 


for efficient heat transfer AN ACON pA 


HEAT EXCHANGER TUBES 


the leading manufacturer of 
SHORAN ...LORAN...TELERAN... 
RADAR... RADAR ALTIMETERS ... 
SONAR ... BATTLE ANNOUNCE and 
RADIO COMMUNICATIONS EQUIPMENT 


GOVERNMENT EQUIPMENT SECTION 
RADIO CORPORATION of AMERICA 


ENGiHEERING PRODUCTS DEPARTMENT, CAMDEN, J. 
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THE SHIPBUILDING BUSINESS 
in the 
UNITED STATES OF AMERICA 


Published by 

THE SOCIETY OF NAVAL 
ARCHITECTS AND MARINE 
ENGINEERS 


The first complete authorita- 
tive book covering all busi- 
ness phases of the shipbuild- 
ing industry. 


Under the guidance of a spe- 
cial committee, an experi- 
enced editor, and a compe- 
tent staff of 30 authors, these 
two compact volumes form a 
comprehensive work on the 
history, organization, and 
operation of the industry. 

ircular giving detailed table 
of contents furnished upon 
request. Retail price for the 
two-volume set 


$12.50 postpaid. 
Foreign postage, 
$1.25 additional. 


Other Good Books for Marine Men 
MARINE ENGINEERING 


Edited by Herbert L. Seward, Professor of Mechanical and Marine Engi- 
neering, Yale University, with a control committee of industry leaders, 
rofessional teachers, and experts in the field. 

n two compact volumes of 22 chapters, each written by a recognized 
authority, this work is a complete treatise covering theory, principles, and 
practical application in every phase of marine engineering. Price for the 
two-volume set, $11.00 postpaid. Separate volumes $6.00 each. Add $1.25 
for foreign postage for the set, 85¢ for individual volumes. Descriptive 


folder giving table of contents and authors available upon request. 


PRINCIPLES OF NAVAL ARCHITECTURE 


Edited by Professors Rossell and Chapman, Massachusetts Institute of 
Technology. A two-volume desk library for every naval architect and 
marine engineer. This complete and up-to-date work by ten recognized 
authorities was reviewed by a competent control committee to insure its 
completeness and unbiassed —— 530 pages, 333 illustrations, 551 
formulas, 80 tables, all indexed for quick reference. Price $11.00 post- 
paid for the two-volume set. Add $1.25 for foreign postage. Descriptive 
circular upon request. 


Order from 
THE SOCIETY OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS 
29 West 39th Street New York 18, New York 
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AC 


ALLIS CHALMERS 


-~A Good Name 
on Land OR Sea! 


ALLIS-CHALMERS NAMEPLATE continues in prom- 
inence on the fighting and supporting ships of our 
marine arm. Proven on all types of craft in World War 
II, Allis-Chalmers equipment is again in action with 
today’s fleet. Newly developed equipment will play an 
increasingly important role in the fleet of tomorrow, 
on and below the surface. A-3375 


MAIN PROPULSION UNITS * ALL TYPES 
OF PUMPS * MOTORS AND CONTROLS 
CONDENSERS AND AIR EJECTORS 
LIGHTING SETS * GENERATORS 


Baby flat-top, using 
Allis-Chalmers main pro- 
pulsion unit, main con- 
denser, lighting set, 
auxiliary condenser, air 
ejectors, motors, control, 
and pumps. 
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the heart of a good ship. 
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aiR 
4 HEATERS COMBUS, SYSTEMS AND TEMP. 
aS CONDENSERS— MAIN, . iD STEAM AND Al. 
DISTULLERS ECONOMIZERS atc 
MARINE STEAM GENERATORS - 
cATING OIL HEATERS * MARINE ST! f 
4EATERS —STEAM WATER WALLS —A 
RS—DIESEL EXHAUST - AIR EJEG REHEATERS + BOILERS— 
R TUBE AND WASTE HEAT + 8 \ 
TROL SYSTEMS AND TEMPERAT 
\ARY, GLAND STEAM AND AT 
RATORS EXPANSION 
EMEATERS 


OSPRERIC DISTILLEP 
‘TERS HEAT EXCHANGERS - 
EJECTORS - LUBP 

STEAM JET AIR EJ" 
WASTE” 


. Because so much depends on a ship's steam 
generating equipment—source of all power 
. _ for propulsion, light and heat—boiler room 
‘ equipment must be selected on the basis of 
° dependability, reserve capacity, and ruggedness 


of construction. 
Foster Wheeler Steam Generators, Condensers, 

ies Evaporators, Heat Exchangers, and other steam 

2 auxiliaries have withstood the test of time and service 
in many thousands of marine and stationary installations 
over scores of peacetime and wartime years. 

Foster Wheeler engineering and production facilities 
= stand ready to meet the varied and exacting demands 

of peacetime shipping, or the emergency requirements 

e of our Naval, Maritime, and Coast Guard services. 


165 BROADWAY, NEW YORK 6, N. Y. 
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FOSTER WHEELER CORPORATION 
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You Can Depend on I-R. 
MARINE PUMPS 


FOR LOW MAINTENANCE, SUSTAINED EFFICIENCY 
AND CONTINUOUS PERFORMANCE 


Ingersoll-Rand has a background in the design and 
application of marine pumps that dates from 1860. 
This vast experience, and the company’s modern 
/ manufacturing and research facilities, enables I-R 
engineers to help you select the most efficient pump, 
of the proper materials for any pumping service 
aboard ship. 

The complete line includes horizontal and vertical 
centrifugal pumps for boiler-feed, condenser circulat- 
ing, condensate, fire, Butterworth, sanitary and main 
cargo service. Consult an Ingersoll-Rand Marine spe- 
cialist for the answers to your pumping requirements. 


480-10 11 BROADWAY, NEW YORK 4, N. Y. 


| For 59 years, Cutler-Hammer, Pioneer Electrical Manufacturer, has furnished 
dependable control to all departments of the United States government. Built to 
specifications ... backed by an outstanding record of performance. 
CONTROL APPARATUS FOR ALL MARINE USES 


Motor Control for Every Service. Ventila Fans, Pumps, Cargo Winches, Capstans, 
Windlasses, etc. 


CUTLER-HAMMER, Inc., 1354 St. Paul Avenue, MILWAUKEE 1, WIS. 


— Ingersoll-Rand 
Cameron Pump Division 
| 
a Limit Switches, = MOTOR CONTROL = Watertight Door Control, 
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S.S. Independence Auxiliary Power 
Furnished by G-E Turbine-Generators 


The new “SS Independence’’— first big 
American passenger ship in more than 
ten years. Designed and built by Beth- 
Jlehem Steel in co-operation with Ameri- 
can Export Lines’ operation department, 
the Independence is America’s newest, 
fastest and smartest express liner. Elec- 
tric power is used extensively for such 
diverse operations as cargo conditioning, 
circulating ice water, driving winches, 
air conditioning, refrigeration, and laun- 
dry. To handle this big demand, General Electric turbine- 
generators, motors, and control are being used for a large part of 
the auxiliary requirements. Above right, a view of a G-E con- 
trol panel set-up facing one of the two big 1100-kw G-E turbine- 
generators which furnish auxiliary power to the more than 300 
motors aboard the crack, new liner. General Electric Company, 
Schenectady, New York. 
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Photograph courtesy of Cummins Engine Company, Inc., Columbus, Indiana 


Tire-shaped rubber packing rings for cylinder liners in 
Cummins diesel engines are small but important. They 
provide a seal between oil and water — a seal that must be 
perfect whether the engine is cold or operating at high 
temperatures. Moreover, these rubber rings must stand up 
: for at least the equivalent of 100,000 miles of operation. 
a These severe operating requirements presented a rubber 
: problem with exacting specifications. Resistance to sustained 
| heat. Controlled swell in oil. Exceptional compression quality. 
| Precision tolerances. 
The successful solution of thig problem is typical of the 
“service in rubber’ offered by Continental. 
When you need rubber parts, why not enlist the assistance 
of specialists? 


CONTINENTAL 
RUBBER WORKS 


ERIE*PENNSYLVANIA“U 
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U. S. NAVAL INSTITUTE 


FOUNDED IN 1873 


“FOR THE ADVANCEMENT OF PROFESSIONAL, LIT- 
ERARY, AND SCIENTIFIC KNOWLEDGE IN THE NAVY” 


U. S. NAVAL INSTITUTE PROCEEDINGS 


PUBLISHED MONTHLY, ILLUSTRATED EXTENSIVELY, FOR OVER 
SEVENTY-FIVE YEARS HAS BEEN THE Navy’s FoRuM. 


MEMBERS OF THE AMERICAN 
SOCIETY OF NAVAL ENGINEERS 


Should read the PROCEEDINGS for pleasure and profit. The 
issues contain anecdotes and reminiscences, incidents from his— 
tory and essays on topics of naval interest, technical articles and 
treatises on naval development and progress, book reviews and 
discussions, and international and professional notes. Member— 
ship dues (including PROCEEDINGS), $3.00 a year. Subscrip— 
tion rate, $5.00 a year. (Foreign postage, $1.00 extra.) Single 
copies 50 cents (except some scarce issues). 


APPLICATION FOR MEMBERSHIP 


SECRETARY—TREASURER 
U. S. NAVAL INSTITUTE 
ANNAPOLIS, MARYLAND 

I hereby apply for membership in the U. S. Naval Institute 
and enclose $3.00 in payment of dues for the first year to begin 
issue of the PROCEEDING (the monthly 
magazine of the U. S. Naval Institute). 

I am interested in the objects and purposes of the Institute, 
namely, the advancement of professional, literary, and scientific 
knowledge in the Navy. I am a citizen of the United States and 
understand that members are liable for dues until the date of 
receipt of their written resignations. 
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BETHLEHEN 
STEEL 


BETHLEHEM STEEL COMPANY 
Shipbuilding Division 


NAVAL ARCHITECTS AND MARINE ENGINEERS 


: j SHIPBUILDING YARDS SHIP REPAIR YARDS 
| ' QUINCY YARD BOSTON HARBOR 
| Quincy, Mass Boston Yard 
NEW YORK HARBOR 
Brooklyn 27th Street Yard 
Staten Island, N. Y. Brooklyn 56th Street Yard 
Hoboken Yard 


q 
| BETHLEHEM-SPARROWS POINT Staten Island Yard 
SHIPYARD, INC. 


BALTIMORE HARBOR 


Sparrows Point, Md. Baltimore Yard 
BEAUMONT YARD GULF COAST 
Secument, Texas Beaumont Yard 
(Beaumont, Texas) 

SAN FRANCISCO YARD SAN FRANCISCO HARBOR 
San Francisco, Calif. San Francisco Yard 
| SAN PEDRO HARBOR 
SAN PEDRO YARD (Port of Los Angeles) 
Terminal Island, Calif. San Pedro Yard 


General Offices: 25 Broadway, New York 4, N. Y. 


On the Pacific Coast and ship revairing are performed by the Shinbwild-ng Div'sion of 
Bethlehem Pacific Coast Stee! Corporotion 
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Worldwide Experience 


in Communications Research and Manufacture 
tii —in the Service of America 


While I. T. & T.'s associate companies 
abroad are contributing to the re- 
habilitation and expansion of com- 
i | munications in nations ravaged by the 

1 war, the technical skills of the System 
s affiliates in this country are devoted 
largely to the service of the United 
nm States. Its American research unit, 
Federal Telecommunication Laborato- | 
ries—with its unique experimental tower 
—and the factories of the Federal 
Telephone and Radio Corporation 
are united in a productive partner- 
ship dedicated to the achievement of 
better communications for the nation. 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
67 Broad Street, New York 4, N. Y. 


U. S. Manufacturing Subsidiaries—Federal Telephone and Radio Corporation 
Capehart-Farnsworth Corporation 


U. S. Research Unit—Federal Telecommunication Laboratories 


| 
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The vast experience of Ward Leonard includes 
the entire period of the application of elec- 
tricity. Every item in the line of Ward Leonard 
controls is a product of sound engineering, 
practical designing and careful manufacture 

. each planned to meet a specific set of 
conditions ... 


Resistors . . Rheostats . . Relays . . Contactors 
Motor Starters . . . Controllers . . . Dimmers. 


ELECTRIC CONTROL DEVICES SINCE 1892 


WARD LEONARD 
ELECTRIC CO. 


j MOUNT VERNON NEW YORK 


“Perey TURBINE 


Terry Marine Turbines are dependable, compact, effi- 
cient machines especially designed for driving gener- 
ators, boiler feed pumps, fuel oil pumps, compressors, 
etc. aboard ship. They offer the advantages of over 
fifty years experience in the Marine Field on both 
Commercial and Naval Vessels. 

Turbines ranging from 5 to 3000 H.P. are built in 
the Terry Solid Wheel design as well as in the Axial 
Flow, single stage and multistage types. 

Complete details on any turbine application will be 
gladly furnished. 


THE TERRY STEAM TURBINE COMPANY 
P. O. BOX 1200 HARTFORD 1, CONNECTICUT 
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ELECTRIC BOAT 


takes fo the air 


Long recognized as America’s oldest 
and largest builder of submarines, 
Electric Boat Company has added 
another activity to its efforts in be- 
half of hemispheric defense. 


EBCo’s great airplane manufactur- 
ing subsidiary, Canadair Limited, at 
Montreal, Canada, is now producing 
military aircraft on a major scale. 


Shown here is the F-86 “Sabre”, be- 
ing built by Canadair for the Royal 
Canadian Air Force under license from At Canadair as at EBCo’s other plants, 
North American Aviation, Inc. This a continuing program of product de- 
super-streamlined jet fighter holds the velopment and improvement is under 
official world’s speed record of 670 m.p.h. way to make us ever stronger in the 
with full combat load. protection of our liberties. 


ELECTRIC BOAT COMPANY 


Submarines and PT Boats + Groton, Connecticut 


ELECTRO DYNAMIC DIVISION NEW YORK OFFICE CANADAIR LIMITED 
Electric Motors and Generators 445 Park Avenue Aircraft 
Bayonne, N. J. New York, N. Y. Montreal, Canada 


WHEREVER THERE'S A COOPER-BESSEMER 


Navy and Coast Guard men who have had 
experience with C-B Diesels, who have de- 
pended upon them in action, know that 
these fine engines stand for dependability 
in its broadest sense. Perhaps they do not 
know that the outstanding performance of 
every modern Cooper-Bessemer is due in 
part to a century-old background of engine- 
building experience. This, combined with 


truly advanced engineering, has enabled 
Cooper-Bessemer Diesels to do a notable 
job in Navy and Coast Guard vessels from 
the biggest combat ships to relatively small 
patrol boats. Yes, you can always count on 
Cooper-Bessemers for Diesel performance 
at its finest. 


The Cooper-Bessemer Corporation 
MOUNT VERNON, OHIO — GROVE CITY, PENNA. 
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“! F d will spare no effort to de- 
HEREVER theNavy'sships and will spare no stove. its 


war 
sail, in peace or in war. rar He so that U. S. Services 


is there serving the 
radar, sig- can depend upon the utmost re- 
nalling and sound detection de- liability in Raytheon equipment. 
vices and Fathometer* sounding RAYTHEON 
equipment. MANUFACTURING COMPANY 
n is proud to be “con- Waltham 54, Massachusetts 
a Armed Services” CONTRACTORS TO THE ARMED SERVICES 
Dept. 6460-JA 


KINGSBURY 
THRUST BEARINGS 


Preferred through two World W. i 
dependability under difficult 
Each ship of "Missouri" Class has 


36 Kingsbury Bearings, includi 
four main 


Kingsbury Machine Works, Inc. Philadelphia 24, Pa. 
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TEAR OUT, FILL IN THE TWO BLANK SPACES 
SIGN AND MAIL TO: 


Secretary-Treasurer 

The American Society of Naval Engineers, Inc. 
605 F St., N. W. 

Washington 4, D. C. 


I would like to see an article in the Journat of the following 
subject : 


I suggest that 


could prepare an 


authoritative article on the above subject. 


Member 
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QUALIFICATION FOR MEMBERSHIP 


Commissioned and ex-commissioned officers of the regular Navy, Marine 
Corps and Coast Guard of the United States; warrant and ex-warrant 
officers of the regular Navy, Coast Guard and Marine Corps of the United 
States; reserve commissioned and warrant officers of the Navy, Coast Guard 
and Marine Corps of the United States shall be eligible as Nayal Members. 
Persons eligible as naval members shall be admitted upon application and 
payment of annual dues. 


Persons in civil life whose knowledge of engineering is such that they 
can cooperate with Naval engineers in the promotion of professional knowl- 
edge may be eligible as civil members. They shall have been in the active 
practice of an engineering profession for at least eight years and in re- 
sponsible charge of important work for five years, and shall be qualified to 
design as well as to direct engineering work. Fulfilling the duties of a 
professor of engineering who is in charge of a department in a college or 
school of accepted standing shall be taken as an equivalent to an equal 
number of years of active practice. Graduation from a school of engineering 
of recognized standing shall be considered as equivalent to two years of 
active practice. Persons eligible as civil members may be admitted upon 
application and payment of annual dues, provided that the application is 
accompanied by the recommendation of two members and provided that 
the application shall receive the approval of a majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who 
are especially interested in naval matters or the merchant marine may be 
eligible as associate members. Commissioned officers of the United States 
Army and of foreign military and naval services may be eligible as associate 
members. Persons eligible to associate membership may be admitted upon 
application and payment of annual dues, provided the application have the 
recommendation of a member and provided the application shall receive the 
approval of a majority of the Council, except that in the case of com- 
missioned officers of the United States Army and of foreign naval and 
military services, the recommendation of a member will not be required. 


bers except voting and holding office. 


The annual dues shall be $7.50 payable on 1 January in advance. 
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APPLICATION FOR MEMBERSHIP 
IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


Date 


I hereby make application for membership* in the American 
Society of Naval Engineers and submit the following information : 


For Naval Membership 


(First) (Middle) (Last) 


Name 
Rank File No 


Business connection and position, if any 


For Civil Membership 
(First) (Middle) (Last) 


Name 
Years in engineering work 
Years in responsible charge of important work 
Present business connection and position 


Recommended by (two members) Seal 


For Associate Membership 
(First) (Middle) (Last) 


Name 

Rank, if Commissioned Officer of 
U. S. Army or of foreign mili- 
tary or Naval service 


Business connection and position.» 


Recommended by (one member) 


Signature of Applicant 
Address for Journal and Mail 


MAIL TO SECRETARY-TREASURER 
Tue American Soctety or Navat Encrnesrs, INc. 
605 F Str, N. W., Wasarncton 4, D. C. 


*See reverse side for required qualifications for various cl of ip 
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Current: 


SECRETARIES OF THE SOCIETY 


Captain J. E. Hamirton, U. S. Navy, Retired 


Past Secretaries: 


1889 P.A. Engineer R. S. Grirrin, U. S. Navy 
1890 Assistant Engineer W. M. McFarvanp, U. S. Navy 
1891 Assistant Engineer Emit Tuetss, U. S. Navy 
1892-93 P. A. Engineer W. M. McFartanp, U. S, Navy 
1894-95 P. A. Engineer R. S. Grirrtn, U. S. Navy 
1896-97 P. A. Engineer F. C. Brec, U. S. Navy 
P. A. Engineer W. M. McFarianp, U. S. Navy 
Chief Engineer A. B. Wiiuits, U. S. Navy 
Lt. Comdr. A. B. Wiuits, U. S. Navy 
Lieutenant B. C. Bryan, U. S. Navy 
Lieutenant C. W. Dyson, U. S. Navy 
Lt. Comdr. Jonn R. Epwarns, U. S. Navy 
Lieutenant M. E. Reep, U. S. Navy 
Lieutenant W..W. Waite, U. S. Navy 
906 Lieutenant C. K. Matiory, U. S. Navy 
1907-08 Lt. Comdr. T. C. Fenton, U. S. Navy 
1909-10 Lieutenant H. C. Drncer, U. S. Navy 
1911 Commander U. T. Hoimes, U. S. Navy 
1912 Joun Hatutcan, U. S. Navy 
Lt. Comdr. E. L. Bennett, U. S. Navy 
1913. Lieutenant O. L. Cox, U. S. Navy 
1914 Lt. Comdr. H. C. Dincer, U. S. Navy 
1915-16 Lieutenant A. T. Courcu, U. S. Navy 
1917 Lt. Comdr. J. O. RicHarpson, U. S. Navy 
Lt. Comdr. F. W. Srertinc, U. S. Navy, Retired 
1918 Lt Comdr. F. W. Srerirne, U. S. Navy, Retired 
1919 Lt. Comdr. F. W. Srerttne, U. S. Navy, Retired 
: Commander J. S. Evans, U. S. Navy 
1920 Commander J. S. Evans, U. S. Navy 
1921 Commander J. S. Evans, U. S. Navy 
Commander S. M. Rostnson, U. S. Navy 
1922-23 Commander S. M. Rostnson, U. S. Navy 
1924-25 Commander Bryson Bruce, U. S. Navy 
1926 Commander A. M, Cuartton, U. S. Navy 
1927 Commander H. B. Hiro, U. S. Navy 
1928 Commander H. B. Himp, U. S. Navy 
Captain O. L. Cox, U. S. Navy 
1929-30 Commander H. T. Smiru, U. S. Navy 
1931 Captain O. L. Cox, U. S. Navy 
1932. Commander H. F. D. Davis, U. S. Navy 
1933-34 Commander H. B. Hirp, U. S. Navy 
1935 Commander C. S. Guerre, U. S. Navy 
1936 C. S. Grete, U. S. Navy 
Commander Rocer W. Paring, U. S. Navy 
1937. Commander Rocer W. Paring, U. S. Navy 
1938 Commander Rocrr W. Paring, U. S. Navy 
Lt. Comdr. Guy Cuapwick, U. S. Navy 
1939-40 Lt. Comdr. Guy CHapwicx, U. S. Navy 
1940-44 Captain J. E. Hamitton, U. S. Navy 
1945 Commander R. T. SuTHERLAND, Jr, U. S. Navy 
1945-48 Captain F. W. Watton, U. S. Navy 
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